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VI PREFACE. 

It was originally intended only to form a set of 
instructions for military sketching ; but upon con- 
sideration it was thought better to begin by sur- 
veying, as the principles of the former are derived 
from the latter, and the work would thereby 
become more generally useful. 

From a conviction that the mere writings of the 
closet only tend to deceive the pupil, we have in- 
serted original examples; thinking it better to 
state the thing fairly, than to use such as are con- 
structed on purpose to agree with mathematical 
solutions. We desire to shew what may be ex- 
pected, and to guard the pupil against a very 
common supposition, namely, that when he is 
provided with instruments and books his work is 
half finished. 

The various tables to be used in the geogra- 
phical approximations are contained in the Nauti- 
cal Almanac ; a book indispensably necessary to 
a traveller who intends to collect them. 

It is a matter of much regret that we cannot ' 
produce drawings of a complete set of specimens 
of the great geological features of the earth ; but 
they are chiefly contained in plans carefully lodged 
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in the different government depots, where, being 
connected with fortification, or other national 
works, it would be highly improper to submit them 
to indiscriminate inspection-: besides, the geolo- 
gical character has hitherto been so little attended 
to, or so much disfigured by more attention to 
style of representation than to truth of expression5 
that we doubt if the thing could be accomplished 
at the present time. We must not, however, 
omit to mention the Isle of Elba, and some parts of 
Switzerland, by the French engineers and others, 
which go very far to establish a mode of express- 
ing mountains naturally. 

We have given a table, and a plate of military 
details ; but we may remark that these minutiaB 
are, for the most part, only a diminutive repre- 
sentation of the real object ; and in omitting field 
works, &c. we refer the reader to the books on 
permanent and field fortification, where he will find 
ample information on that head. 

We do not hope to give information to the old 
and experienced military surveyor and draftsman ; 
but address this work to the young and uninitiated 
student, confidently recommending to him a prac- 
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tice founded upon long experience, and certain in 
its results^ within the limits we have assigned to 
it. Beyond these^ more capital instruments^ and 
greater mathematical knowledge than is to be 
found in this work must be called in to his assist- 
ance ; but on the higher branches of surveying 
excellent works already exists and but few persons 
are ever called upon to perform them. 
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INTRODUCTION. 



It does not appear that the ancients were ac- 
quainted with the use and advantage of maps 
up to the time of Anaximander, or about two 
thousand two hundred years since ; and Ptolemy, 
who flourished in the first century of the Christian 
era, was the first who used meridians and pa- 
rallels of latitude. The early maps were chiefly 
compiled from the itineraries of the Roman and 
other armies ; and we are much indebted to the 
army and navy of different civilized nations in 
every period, for the materials from which maps 
have been constructed. 

The art of exhibiting the irregular surface of 
the earth upon these maps, when their scale will 
admit of it, is of very modern date, and upon 
it hinges, in a great degree, the tactics of the 
modern school. 

B 
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2 INTRODUCTION. 

The general now possesses an immense ad- 
vantage over the heroes of antiquity, from the 
aciliti es of gaining a picture of the country 
which is the theatre of W2|.r, or any part of it that 
may be necessary upon the spur of the moment : 
they are drawn by persons appointed for the 
express purpose, and, indeed, it were endless to 
insist upon the utility of an art now becom- 
ing more generally known and of acknowledged 
importance. But there are many others to 
whom the art, in all its variety, is of equal im- 
portance in their several capacities. To civil 
engineers, geologists, gentlemen of landed pro- 
perty, &c. &c. &c., for conveying information 
generally of the natural face of a country, these 
are the advantages of modern over the ancient 
maps, which, besides their rudeness and inac- 
curacy, were only lineal, or consisting of roads, 
rivers, boundaries, &c. 

It is curious and interesting to observe how, 
from the rudest beginning, the moderns have 
raised the art of representing ground, a word 
commonly used to express that part of a map or 
plan which is shaded, so as to give an idea of 
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the hill^, TJie little elevated molehill^ which 
anciQntly , and even a few years since, and still, 
in some few instances, fill up the spaces between 
the rivers on maps, have, by degrees, been 
blended together and formed into regular chains 
of heights, their magnitude and steepness being 
estimated by the breadth and intensity of their 
shade ; and the geographer has borrowed from 
time to time an idea of the military draftsman, 
until the irregular face of a country is now given 
in a general manner, more agreeably to its na- 
tural aspect than formerly. Hitherto, however, 
this improvement in maps has been chiefly con- 
fined to those intended for military purposes, 
although of much general advantage. 

The establishment at the Tower of London 
has long existed, and many plans upon these 
principles have been collected : in some, as old 
as the beginning of the last century, a great 
variety of styles^ and traces of an enlarged un- 
derstanding of the subject, may be seen, accord- 
ing to the merit of the individuals by whom they 
were drawn : many attempts to imitate nature, 
seen from a point above, or according to the 

S2 



4 INTRODUCTION. 

orthographical projections, which, considering 
the low state of water-colour drawing in this 
country at the time they were drawn, reflect 
great credit upon their authors. On the Conti- 
nent great importance has ever been attached to 
this kind of drawing; but until within a few 
years, the Tower establishment, and the Royal 
Military Academy at Woolwich, contained al- 
most exclusively the only persons who, in this 
country, were qualified for such an undertaking. 

The Ordnance Survey of Great Britain opened 
a grand field for the acquirement of topogra- 
phical knowledge ; and lastly, the Royal Mili- 
tary College has become a school where it has 
been much cultivated : hence, as might be 
expected, the British army is now well provided 
with persons who possess the necessary talent 
for supplying that army with the most interest- 
ing documents of the kind that can be wished 
for. To make this species of drawing more 
generally known is the object of the present 
work ; and it is hoped that the pupil, in every 
line of life where it can be useful, will find 
something to interest and instruct him. 
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When we descend from general maps to plans 
of particular places upon a larger scale than that 
upon which maps are generally drawn, they are 
called topographical drawings of a country, and 
are evidently nothing else than a geological re- 
presentation of its surface, and they are clearly 
useful to every class of persons who may be 
interested in their external or internal produc- 
tions, which may in a great measure be inferred 
from the very outline they exhibit, still more 
from their topographical representation: thus 
minerals will never be sought for but in moun- 
tains of a particular structure, nor will agricul- 
ture be expected to flourish upon the naked and 
steep acclivities of such niountains. As far, 
therefore, as exterior is concerned, a correct 
representation of the surface will in some re- 
spects become an index to the value of the 
ground. But it has hitherto been the practice 
to take little or no notice of this circumstance, as, 
in a military point of view, the height and mag- 
. nitude of hills and mountains, and not their pe- 
culiar conformation, are of the greatest conse- 
quence, considering them as positions more or 
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less susceptible of defence. Hence the nu- 
merous systems "Which have been proposed to 
insure an accurate conception of these peculiar 
properties of ground. With the engineer, it is 
true, the conformation should be exactly drawn, 
or it cannot correspond with the profiles ; thus it 
is more attended to in such cases. 

In every branch of human knowledge, when 
researches and reasoning have laid the founda- 
tion of a proper classification, the study of that 
branch has become easier, and the department 
of knowledge advanced towards perfection; 
surely, then, it cannot be improper to avail our- 
selves of the present state of geology, I mean the 
geology of facts, when an art of so much conse- 
quence can derive such eminent benefit from it, 
and in return present the geologist with accurate 
orthographical drawings of every species of 
mountain, perfectly intelligible to him, although 
he has not seen the originals from which they 
were drawn. Here, then, is the point where this 
work will be found to differ essentially from 
most of those at present extant, and here it is 
proposed to commence the principles upon which 
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it ought to be founded. Geology acquaints us 
with the fact^ that the outlines of the great features 
of nature, however conftised they may appear to 
a casual observer, are very distinct from each 
other, so much so that the component parts of 
mountains are to be inferred from their profile as 
presented to us upon our approach to them ; and 
an inspection of numerous good topographical 
plans drawn on the spot, though differing much 
in style and execution, will confirm this idea. 
The study of the geology of facts is, then, a 
primary object with the topographical draftsman, 
who, by being acquainted with the outline, pre- 
sented by particular kinds of hill, will be better 
prepared to find peculiar solid figures generated 
by such outlines, and consequently be more 
ready in representing them ; and this is the 
principal difficulty in a topographical drawing, 
because so much depends upon the facility of the 
individual in producing an exact representation 
of an object from a different point of view to 
that from whence it is commonly observed : that 
part of the operation which is done first, being 
only an application of mathematical rules and 
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instruments to obtain figures, either real or ima- 
ginary, similar to those which exist, or may be 
supposed to exist, upon the earth's surface con- 
sidered as a plane, as it may be within the 
limits of an ordinary survey. . 

It is difficult to collect a set of models to ex- 
emplify the nature of such a classification as geo- 
logy presents us : they must be collected from 
all parts of the world, with great labour and 
skill, and they will never be so collected but at 
an immense expense ; yet good drawings and 
profiles will answer nearly as well, and this 
limits the expense very considerably; but if 
they are drawn on various principles, some of 
which cannot give a true representation, then no 
system like that supposed can ever be formed 
at all 
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BOOK I. 



CHAPTER I. 

Statement of the Problem^ and the Application of 
the Theodolite to its linear solution* 

Now to facilitate this end^ which appears so 
desirable^ we shall suppose the subject altogether 
new, and consider the thing to be done as a sim- 
ple problem, thus : — ^it is required to represent 
orthographically, upon the plane of the horizon, 
the irregularities of the Earth's surface, under any 
given disposition of the light; or, with that light 
issuing in parallel rays from any place whatever 
above the horizon. 

This, as applied to a model, is not difficult ; 
but in the natural object, it involves many difficul- 
ties, which it will be the business of the following 
pages to remove, for the benefit of the unpractised 
student. 

The smallest hills are too large to be seen at 
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once, nor can we see them^ as in the orthographic 
projection, without we could arrive at a height 
* where they would be barely visible : we must 
therefore have recourse to Mathematics and instru- 
ments^ to enable us to accomplish what is evidently 
beyond our reach by any other means. 

If we consider the level of the sea at high or 
low water-mark, when the diflference w sensible, as 
the plane from whence we commence our opera- 
tions, and it will not dififer much from a plane in 
the small superficial area of a few square miles ; 
then it is clear, that, by knowing the perpendicular 
altitudes above that plane, and the horizontal dis- 
tances in any plane parallel to it, points are found 
in the open space above it, which, when orthogra- 
phically projected upon the original plane or level 
of the sea, will exactly define the places of ob- 
jects situated at those points. To do this is called 
Surveying. It requires the use of instruments, 
the most perfect of which is undoubtedly the 
Theodolite, because it gives the actual horizontal 
angle without reductions, and accordingly it is 
used by all scientific surveyors in such operations : 
but when the obliquity of the planes to which 
such objects are referred, is not more than a 
degree or two, and the angular distances are 
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great, then a reflecting instrument will do exceed- 
ingly well, although no reductions are applied. 
We may, therefore. Use a reflecting instrument, 
although not with the last degree of exactness. 
Hence, before we can represent the solid as re- 
quired by the problem, we must ascertain its hori- 
zontal and vertical dimensions, and we are then 
in a condition to reduce it to a representation 
which will answer its intended purpose in pro- 
portion to its correctness. 

Another instrument is also necessary to measure 
at least one linear dimension, and this is the 
Chain, or some equivalent for it. A description 
of the theodolite and chain will now be given. 

The theodolite is an instrument used for taking 
angles in horizontal planes called azimuth angles, 
or bearings when referred to the meridian, and 
simply horizontal angles when they only indicate 
the inclination of one line to another ; also vertical 
angles, or the inclination of any line to the hori- 
zon in a vertical plane, as in taking altitudes. 

As it seldom happens that three objects lie in a 
plane parallel to the horizon, and as the triangles 
they form, when connected by three right lines, 
would require a reduction to the horizontal plane 
when taken by an instrument placed in a plane 
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passing through the three points^ as in the case 
of the sextant and other reflecting instroments ; it 
follows, that an instrament which saves the trouble 
of such reduction, is preferable in most cases, 
and such is the theodolite. In other cases re- 
quiring more expedition and less exactness, 
reflecting instruments are successfully employed, 
without regarding the reduction, and, when skilfully 
applied, are extremely useful. 

The manner of using the theodolite, and as 
much of its construction as may be necessary, will 
be understood from the following description : — 

A strong plate of brass is graduated on its cir- 
cular edge A ; it is provided with a spirit-level, 
and sometimes with two ; this has two parallel 
plates, and four screws underneath, by which it 
may be placed perfectly horizontal when set upon 
the legs intended for its support : upon this circular 
plate is placed a compass to indicate the azimuth, 
and is generally much used in surveying, although 
not absolutely necessary. On each side of the 
compass are placed two arms of brass, joined at 
the top, and serving to support an axis which is 
parallel to the horizontal plate, and which carries 
a semi-circle B, and also a telescope C, having a 
spirit-level either above or below it. 
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Within the telescope is a system of wires, or 
simply two wires, the intersection of which is in 
the axis of the telescope, and marks What is 
called the line of coUimation, thus ©, or thus ®. 
The latter arrangement is often preferable to the 
first, and may be easily obtained by turning the 
telescope on its axis one-fourth of the way round. 

To use the theodolite, set it upon its legs by 
taking two of them in the hands, placing the re- 
maining leg on the ground, and altering first one 
and then the other, so as to make it stand nearly 
level, which may be known by the needle and the 



level upon the horizontal plate at D. Set the ver- 
niers upon the horizontal and vertical arcs, both at 
zero, and loose the clamping screw at E : now 
turn the whole instrument round until the tele- 
scope lies exactly over one pair of the screws 
belonging to the parallel plates at F, and clamp it 
gently. In this position, by working the screws 
of the parallel plates, always unscrewing on one 
side and screwing on the other, the level upon the 
horizontal plate may have its bubble placed ex- 
actly in the middle ; and by a similar proceeding 
with the remaining pair of screws, the other 
level on the horizontal plate, if there be one, 
and also that upon the telescope, may be adjusted 
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— the same adjustment influencing botti. But 
many theodolites^ when small^ have but one leve) 
on the horizontal limb^ and that attached to the 
telescope answers the purpose of the otb^r* 
although imperfectly; therefore when this is the 
case^ the clamping screw must be again loosened^ 
and the instrument turned round one quadrant^ 
which brings the horizontal level over or in the 
direction of the remaining pair of screws^ which 
are then worked^ and by this means the horizontal 
plate is made perfectly level : when this has been 
carefully performed, the bubbles will rest in the 
middle of their respective levels in every azi- 
muthal position of the telescope ; therefore, we 
must now turn it gently round until the needle 
stands nearly N. and S., then clamp it firmly, 
and by the tangent screw, opposite the clamping 
screw, the adjustment of the needle to its corre* 
gponding points is made perfect. 

If we find it does not stand the test of this ad- 
jiistment, a particular adjustment of its several 
parts will be necessary, and this must be performed 
by means of many small screws, not mentioned 
here : it is a work of considerable difficulty, and 
must be patiently done at leisure. 

As all angular ipstruments^ are now provided 
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with a vernier scale^ it will be proper here to 
describe it. 

If a circular arc or straight line be divided into 
any number of equal parts^ and it b required ia 
subdivide them again into smaller parts^ recourse 
is had to the vernier scale^ the principle of which 
is as follows : — 

Let any circular arc or straight line contain m 
given number of equal parts, and another equal 
arc or line be divided into one more than the 
given number ; then it is plain that the division^ 
upon the arc or line containing the greatest 
number of equal parts^ will be less than those 
on the given line or arc, in proportion of the 
former to the latter ; and this is what is palled a 
vernier scale. 

Example. Let a given line AB, (pi. L^g. II) 
contain any number of equal parts^, and let it be 
required to divide each into four smaller parts ; 
take three of the divisions upon AB^ and lay 
them down upon another line G D, which must 
be divided into 4 equal parts: now, it is evident 
that a division upon C D is to one upon A B, in 
the ratio of 3 to 4^ or = f ; and hence, when 
the scale CD is applied to AB^ and moved 
iS^rward^ as each of the divisions comes succes- 



16 DESCRIPTION OP [Chap. I. 

sively in contact with those upon the fixed scale 
A B, the dart at D will have moved over i of the 
primary divisions^ and the number upon the ver- 
nier will indicate how many fourths it has ad- 
vanced from the last primary division. Again^ let 
it be required to divide the degrees upon any 
angular instrument into minutes. If the degrees 
are subdivided into halves^ the vernier will be 
much shortened. Take a circular arc of 29 half 
degrees^ or 14^30'; divide this into 30 equal 
parts ; each of these will be to the half degrees 
as 29 to 30, or = §5 = 29' ; hence, as the dart or 
zero of the vernier moves from any division^ the 
successive contacts of the vernier divisions with 
those on the limb will indicate how many 
minutes are to be added to the last degree or 
half degree, to complete the measure of the angle. 

For half minutes, it is usual to divide the 
. degrees into three parts, or 20' each ; and 39 of 
these being divided into 40 parts, the latter will 
each be H of the former, and the instrument will 
read to i a minute, or SO"' ; but in this case the 
divisions upon the vernier marking the ^ minutes 
are made shorter than those for the whole mi- 
nutes, to prevent confusion ; and, of course, we 
have the choice of using them or not : for in many 
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cases the minutes will be sufficient. Some instru- 
ments are divided by this contrivance as low as 
10" or 15", but the great length of a vernier 
reading to single seconds has occasioned a very 
complicated and curious appendage to be applied 
to large instruments for that purpose. 

To take an angle or bearing, set up the instru- 
ment as before described; use the milled head 
G : this will, without derangement, move the tele- 
scope until the object is seen by looking over it 
nearly in the direction of its axis ; then with that 
milled head and another, which moves the vertical 
arc at H, the telescope must be brought into such 
a position as for the intersection of the wires to 
bisect it, either in its height or breadth, accord- 
ing as the altitude or bearing is required; and 
tbe number of degrees passed over by the needle, 
which remains at rest, or what is more correct, by 
the vernier upon the horizontal circle, is the mea- 
sure of the angular distance from the magnetic 
meridian or its bearing, and upon the vertical arc, 
the number of degrees passed over by the vernier 
is that of its elevation. 

If the angular distance between two objects, 
without reference to the meridian, is required, 

it is evident that, let the zero be wherever it 

c 
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may^ the difference of their bearings will be 
their angular distance ; and if this be taken in 
several positions of the zero with respect to 
the needle^ the theodolite becomes a repeating 
instrument, and the errors of subdivision are 
nearly destroyed: this is^ however, only neces- 
sary on very particular occasions. 

It will be easily seen that whatever altitude 
an object may have, the bearing remains the 
same ; therefore, in all cases where the theodolite 
is used, and the triangles too small to be in- 
fluenced by the spheroidal figure of the earth, 
as in surveys of small extent, it gives a triangle 
formed by three vertical planes intersecting each 
other at the angular points, or such as would be 
projected orthographically upon the plane of the 
horizon, and, consequently, that no reduction 
is necessary; but when we actually measure up 
or. down a slope of great steepness, then, indeed, 
the line must be shortened in proportion of 
radius to the cosine of the angle of elevation 
above the horizontal plane; but it is only in 
surveys of particular places, laid down on a very 
large scale, that this difference is sensible, or in 
long lines measured over a series of very uneven 
ground. In surveys of large extent, instrument? 
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of a more complicated construction and larger 
size are made use of for obtaining the greater 
triangles, in which corrections are necessary, 
because the radiation of the perpendiculars pass- 
ing through the angular points towards the 
earth*s centre become sensible ; and many other 
niceties must be attended to^ which, in triangles of 
only three or four miles in extent, are altogether 
insensible, and therefore in common surveying 
are neglected; nor would the small theodolites 
employed in such surveys show them, as is done 
by the larger ones constructed on purpose. 



C2 
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CHAPTER II. 

Surveying by the Theodolite. 

Surveying is, then, the art of obtaining the dimen- 
sions and forms of all figures, however irregular 
upon the earth's surface, whether the boundaries 
consist of roads, fences, margins of lakes, coasts, 
rivers, &c. &c. &c. such as they would be ortho- 
graphically projected on the plane of the horizon. 
As every plane figure may have a right-lined 
figure either inscribed within, or circumscribed 
about it ; as the irregularity of its boundary can 
always be obtained by perpendicular ordinates; 
and as similar right-lined figures have their 
angles alike and their like sides proportional, — it 
is evident that if a suflBcient number of the sides 
and angles of any figure are measured on the 
ground, a similar figure may be projected upon 
paper, and by any scale that may be required. 
The actual performance of these operations con- 
stitutes the practice of surveying and plotting, 
the operation out of doors being called by the 
former, and laying down the same on paper by 
the latter name. 
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To take the most common case ; if lines are 
measured connecting two of any three objects, and 
the angles contained between these two lines^ or 
between each of them and the meridian is also 
measured, that triangle can be projected without 
measuring the third side ; a series of distances 
and angles thus measured through a road, by the 
margin of a river, or any boundary whatever, are 
all that is commonly necessary for laying down a 
plan of the same ; but if its irregularity is such 
that it does not coincide with the straight lines 
measured, then perpendicular ordinates, called 
offsets, are also measured on one or both sides 
where necessary, and the exact form is thereby 
obtained. 

The chain employed in common surveys is 66 
feet in length, or four poles of 16^ feet each : it 
is made of iron or steel wire, and consists of long 
and short links alternately, these short links or 
rather rings being placed between the eyes of 
every pair of long ones, the handles at each end, 
with the adjoining half-links, count as links ; this 
gives 100 divisions, and they are called 100 links ; 
they are numbered at each 10 from the ends 
towards the centre by pieces of brass divided into 
. eaves, but the centre brass or 50 is circular. 
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The angles made by the measured lines with 
the meridians having been mentioned, it is neces- 
sary to explain why this method is preferred in 
practice, and it is shortly this : — when the lines 
are laid down upon paper, many of them arq 
30 short as to produce certain errors in adjusting 
the protractor to them for laying down the next 
angle — these errors would therefore accumulate 
^nd produce much confusion ; but if a number of 
lines are drawn across the paper exactly parallel 
to each other, and the protractor constantly ad^ 
justed to one of them or an intermediate parallel, 
then the errors are considerably diminished, or 
altogether disappear, because every bearing is 
referred to a parallel or meridian with only its 
own error, instead of being referred to a line 
already laid down, which, if short, would certainly 
be liable to error, and thus an accumulation would 
take place : besides, this method has many ad* 
vantages which practice alone can show, in re* 
9pect of expedition, convenience, and so forth j it 
is, therefore, generally followed by the best sur- 
veyors on all occasions. 

Where the ground is not very irregular, a sur- 
vey is thus conducted; and we shall afterward^ 
shew liow the same must be done when that is 
the case. 
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We shall suppose that a series of triangles 
have been accurately formed by large instru« 
ments^ and that at least two of these fixed points 
are contained within the limits of the survey. 
We paust then set up the instrument at one of 
these places, and carefully ascertain the mag- 
netic bearing of the other ; this may be done at 
any convenient time while prosecuting the work. 
Now these two points being laid down upon 
paper by their distance, and connected by a line^^ 
we lay down one magnetic meredian by it^ the 
rest are ruled parallel tp it^ and the business of 
plotting is then commenced. 

In surveys of estates it may be sometimes 
necessary^ from their great extent^ to form two or 
more large triangles from a measured base as a 
check upon the work; but we shall first shew 
the general method of surveying, which in that 
particular application merely requires greater 
nicety^ and that more offsets should be taken. 

We begin by setting up the theodolite as be- 
fore directed. A stick with a bit of white paper 
on its top, or a pole with a flag upon it is carried 
forward^ and placed on a convenient spot for 
the instrument to stand, as well as for seeing for- 
ward to the next station, a name given to every 
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place where an angle is taken; the bearing 
of the forward station is to be taken to the 
bottom of the stick or staff, and to be read off 
and registered in the field-book. K any house, 
tree, or remarkable object presents itself on 
either side of the station line, not more than one 
mile from it, the bearing of such objects should 
also be taken and entered in the field-book. This 
is to be done from at least three different places, 
as they are good checks, and in small surveys 
will supply the want of triangular points ; and, 
besides, it is the way to determine their true 
situation on the future plan. These intei-sections 
may be more frequently made with advantage if 
the objects are not too distant ; for when the lines 
drawn to them are nearly two feet long upon the 
plot, it is diflBcult to protract them with sufficient 
accuracy — but when shorter they are an excellent 
proof of the work. 

The measuring is thus conducted. Place the 
chain exactly straight between yourself and the 
forward station; let the leader who draws the 
chain pull it tight, and place an arrow or iron 
wire pin exactly at the end of it ; then both walk 
forward, the follower noting in his book, which 
will hereafter be described, the perpendipular 
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distance to any bend in the hedge, road-side, &c., 
as well as its direct distance from the last station, 
sketching in whatever may be necessary : it is 
best to take offsets on each side before you stir 
from the first station, and if you see others will 
be necessary, not to let the leader move until you 
come up to him, otherwise you will not see their 
distance from the first station. When you arrive 
at the forward arrow, the chain must be again 
laid straight, and being kept so until all the off- 
sets are entered, another arrow must be placed at 
the end of it by the leader, the follower always 
hanging upon the fingers of his left hand those 
arrows he may have taken up, and never doing 
so until he is ready to go forward, lest he should 
lose his place, and be obliged to measure his 
line over again : the leader may prevent this in- 
convenience by scratching a cross on the ground 
before he sticks in the arrow. This must be 
repeated through the whole line, and the number 
of arrows at any time upon the follower's fingers 
will show how many chains he has measured> 
while the tens and units are counted on the chain 
as it lies upon the ground : the chains are always 
entered as hundreds of links, to avoid the use of 
decimals, 
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As great mistakes may happen in conducting 
this part of the work^ too much care cannot be 
taken, especially when after ten chains have been 
measured the follower has to give the leader the 
ten arrows ; the best way is for the leader to wait 
at the end of the eleventh chain until the follower 
comes to him^ and to put down one arrow imme* 
diately he has received them^ the follower having 
previously marked 1^000, 2^000, &c. when he 
took up the tenths twentieth^ &c. arrow. A stick 
or pole being left at the last station, and having 
arrived at the next forward station, the instru- 
ment must be placed over the point measured to, 
and the same operation repeated as at first To 
insure the accuracy of the bearings, the instru 
ment should be turned round to zero, after they 
have been all taken md entered ; and if it has 
not been deranged in taking them, the needle will 
stand right, or nearly so : if it is out several de« 
grees, an error has been committed, and must be 
immediately rectified, by going back to the last 
station, or by taking the bearing back again. 

We have said nearly so, for there is a variation 
of the needle by which it will differ at different 
periods of the day and year ; the, maximum o 
these diurnal variations takes place between noon 
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and tbrae o'clock in the afternoon, and the great* 
est diurnal variations generally take place in Aprils 
May^ June^ and July; the greatest observed at 
London, in 1759, were 13' 2V^ in June ; and the 
least 6^ 58''' in December. It may be proper to 
mention bere^ that by late discoveries well au- 
thenticated, it has been found that all perpendi* 
cular objects whatever, as houses, trees, &c. &c. 
have (at least in north latitudes) a north pole at 
bottom and a south pole at top, and that they 
exert a sensible influence upon the needle': it 
may;, therefore, when delicate instruments are 
employed, be worth while to avoid placing them 
near any vertical object if possible ; at any rate 
a blacksmith's shop, and every place where much 
iron is deposited, must always be avoided. A 
multitude of minor irregularities, chiefly the result 
of late discoveries, are now known to exist in the 
magnetic needle ; fortunately, however, many of 
them are too small to materially afiect those works 
where it is employed. 

If this should weaken our confidence in the 
needle, surveying may be conducted without ab- 
solutely depending upon it, afl:er having used it at 
first to begin with. This is called surveying by 
the back angle. It appears from numerous obser- 
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vations, that the diurnal variation commences two 
or three hours before noon, having previously 
returned to the position it had on the preceding 
day, and been stationary during the night : if, 
therefore, we begin early in the day, it may be 
depended upon then, and need not be trusted to 
afterwards, except as a check against great errors 
in the angles : to do this, we must always set the 
instrument to the last forward angle, and adjust it 
to the back station, then screwing it fast by the 
clamping screw, the new angles may be taken 
without reference to the needle, otherwise than as 
a check against an error which sometimes happens, 
by taking the fives for tens in the degrees upon 
the limb, or by making a wrong figure in the 
field-book, in either of which cases a return to the 
last station is necessarv, or to use the needle as at 
first. 

We have mentioned these things, because it 
appeared that they ought to be known to the 
young student ; but we must add, that the greatest 
error from the diurnal variation would only be 
31,067 links, and the least 16,212 links in a dis- 
tance of one mile, which, if the survey is laid down 
upon a • scale of four inches to the mile, will be 
equal to 0.0155 inches and 0.008 inches respec- 



Chap. 11.] THE THEODOLITE. 29 

tively, quantities not greater than the diameter of 
a hole made by a bad pair of compasses, and in 
the usual distances of a few chains they are insen- 
sible ; but for particular plans upon a large scale 
it is of consequence, and therefore they are gene- 
rally surveyed by the back angle — and hence a 
rule in these cases not to trust to the needle, ex- 
cept when unavoidable. 

The preceding facts will shew decidedly how 
necessary large and accurately divided instru- 
ments are^ when used for very distant objects^ as 
in trigonometrical surveying; as also why the 
needle cannot be employed upon such services. 

It is usual at the conclusion of every days 
work^ especially when surveying by the back 
angle, where it is indispensable, to take what is 
called a return angle at the last station : this is^ 
in fact, taking the bearing of any well-defined 
object, the more distant the better, and noting it 
in the field-book ; and also to mark the point of 
ground over which the instrument stood, by cut- 
ting a deep cross, driving a picquet, or otherwise. 
The use of this is, that when the work is resumed, 
the instrument may be adjusted to that distant 
object as it is to a back station, and thus the ac- 
curacy of the next forward angle is secured ; or, in 
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other words^ the identity of the situation ci the in- 
strument as it last stood in that place ; and it effec* 
tnaliy destroys the influence of the dinmal varia^ 
tion^ as it does not matter at what period of the 
day or year the work is resumed. 

The instrument should in strictness be brought 
exactly over each station point ; to save time, sur- 
veyors are accustomed to place it at once so neariy 
over this point and also horizontal, that a small 
stone dropped from the centre, underneath the 
instrument, will fall exactly, or very nearly so> 
upon the station point, and but little levelling is 
necessary : this precision is soon acquired by 
practice. An error of half an inch on either ade 
of the station might produce an error of near ^' 
in the angle, when the forward station is distant 
one mile, but the theodolites in common use will 
measure no nearer than one minute; the exact- 
ness before mentioned is therefore sufficient in 
common surveying. 

In surveying for content, an oflset-staflf of ten 
links long, divided to links, is used for measuring 
the perpendicular ordinates ; but on the four-inch 
scale, or even six or eight inches or more, the 
greatest error that can be committed by pacing 
them can hardly exceed one or two paces in 
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twenty, even by different persons, and this upon 
the 8 inches scale would amount to no more than 
0.004 inches and 0.008 inches, quantities tod 
small to be discerned without a microscope, and 
not affecting the general accuracy of the work, nor 
its content sensibly. Upon a 20 inches scale a 
like error would be 0.01 inches, and 0.02 inches 
upon one or two paces respectively, which is but 
the breadth of a pencil line. 

If triangles have been previously laid down by 
trigonometry, we obtain what are called trigono* 
metrical points: whenever our survey leads ui 
near any of these, it is always proper to survey up 
to them if accessible, and if not to frequently inter- 
sect them, for they are carefully laid down in ordei* 
to insure correctness in the work. It is best 
always to survey the boundary of a piece of work 
first, whether it contains points or not, and then to 
fill in the intermediate roads, &c., commencing 
with the longest. These trigonometrical points 
are absolutely necessary before a work of large 
extent is commenced. 

As there are several errors to which a survey is 
liable, it remains to point out the causes of the 
chief of them, as it will show how much care is 
necessary in every part of the work. 
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1st. Those belonging to the instrument itself. 
It may be badly centred^ and equal arcs will not be 
cut off on opposite parts of the limb ; this is sel- 
dom considerable. It may be badly divided ; this 
is not often the case in the improved method of 
dividing instruments, but shows itself when the 
vernier does not embrace equal arcs on every part 
of the limb, and so does the bad centering also. 
Both these sources of error are remedied by taking 
the mean of several angles on different parts of 
the circumference ; this is, however, only neces- 
sary where great accuracy is required, as in fixing 
minor points. The needle pivot may be bent or 
badly formed : in this case, the needle will not 
divide the circle around it equally, and then 
only the north end should be used, and that 
always set to the north point of the compass box ; 
then its error, abstracting from the effects of diur- 
nal variation, is a constant quantity, which may be 
found and allowed for in laying down the north 
point on the plan. The wires may not cross each 
other in the axis of the telescope ; they must, 
therefore, be adjusted. The bubbles of the levels 
may not always remain in the centre when the 
instrument is turned half round ; they, therefore, 
require adjustment. An error may exist in the 



Chap. II.] THE THEODOLITE, 33 

vertical arc when its level is right ; this may be 
found by reversing the telescope, and becomes a 
constant quantity to be added or subtracted in 
all elevations or depressions. 

2d. The errors in the protractor may be those of 
bad division or bad centering, as in the theodolite, 
and may be corrected nearly in the same manner^ 
but occasions much trouble. 

3rd. The errors in laying down the work may 
proceed from expansion or contraction of the 
paper, and are then to be avoided by the appli- 
cation of heat or damp, or still better by first 
mounting the paper on a board. If from want 
of coincidence of the protractor with the ruled 
meridian, or those not being parallel, or too 
large holes made with the compasses, more care 
is necessary, 

4th. The scales may be ill divided ; a surveyor 
can make them for himself, and if upon the same 
paper as the plot, they will alter with it, and 
be always right. In short, these numerous sources 
of error are enumerated more to guard the pupil 
against them, and teach him where to suspect> 
in case of inaccurate workmanship, than from thd 
extent to which they exist, as far as the instruments 
are concerned, most of them being smalf^ and when 

D 



34 SURVEYING BY [Cmaj.IL 

good instruments are employed skilfully^ not often 
giving much trouble. It may be necessary to 
remark, that the chain should be measured finom 
time to time^ to see whether it keeps the same 
lengthy and if not^ the difference should be noted 
and allowed for. 

The best way is to measure 66 feet on the 
ground, and drive a peg at each end ; then if the 
chain has lengthened, as it most commonly does^ 
it will be immediately discovered. 

The fitness of a theodolite for the purposes to 
which it is applied, has occasioned the best artists 
of this country to turn their attention to its im- 
provement, and the splendid instruments they have 
produced have been applied successfiiUy to the 
mensuration of degrees of the meridian and of lon- 
gitude, by which means it was hoped the real 
figure of the eardi might be at length determined. 
In the present instance of surveys, not larger than 
an English county, we have no occasion whatever 
to depart from our original supposition of a plane 
isurface to the extent supposed, for a degree of 
p9J English miles, considered as a curve, mea- 
sures but little more than 24 feet longer than its 
chord ; we cannot expect our series of linear mea» 
purements, with all possible care, to come neater 
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the truth than that when extended to several 
miles. 

We have now laid down the method of ope- 
rating upon ground^level or nearly so. We must 
next consider the case of a mountainous district, 
where the acclivities are considerable^ and we 
shall defer the account of the field-book, and 
description of the protractor, until we come to 
ti^at of the plotting as a separate article. If 
the slopes were inclined planes, since the theo- 
dolite would give us their angles of inclination to 
the horizon, we could easily find the space they 
should occupy upon the horizontal plane, but they 
are commonly curved, so that it is plain the re- 
ductions would be innumerable, and, consequently, 
the process too long for the time which could be 
allotted to it ; if, therefore, we select some place 
where a base can be measured either on a level 
or a gentle slope, — if the latter, it can be reduced 
to the horizontal distance, — and if the angle be 
taken between signals in proper sitqg^tions from 
both ends of the base, and from one to another, 
a series of horizontal triangles will be formed, and 
the reduced distances or true orthographical pro- 
jection will be found by simply laying them down 

D 2 
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on paper by their calculated ^des^ or by the angles 
on any g^ven scale ; bot the cakolated distances 
are most to be relied npoaj and even then inrolve 
con^derable uncertainty in all cases of acute in- 
tersections. This being done^ the intenraning 
mountains and hills must be sketched by the eye, 
as will be shown hereafter. In every case of 
roads^ boundaries^ &c.^ which cannot be obtained 
by such means, we must have recourse to redudng 
{he measured distances as we go on^ according to 
the following scale^ having surveyed them in the 
manner before described. By this method a sur* 
vey is accurately carried on, and by way of con- 
firmation the distance between two convenient 
stations may be afterwards jactually measured, 
which most effectually corroborates or disproves 
the preceding triangulation. It is a good way in 
all triang^ulations to work round to a former point, 
and thus calculating or laying down a triangle by 
new data, one side of which was formerly laid 
down or calculated^ we shall see if they agree 
or not* 
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TABLE OF RBOUCTIONS TO HORIZONTAL 
IN LINKS AND DECIMALS- 



BAS2S, 



Degs. 

5 

6 

7 

8 

9 
10 
11 
12 

13 
14 
15 
16 
17 
18 
19 



20 06.0 

21 

22 

24 

25 . . . . • 



Links. 

00.4 


Degs. 

26 


00.6 
00.7 


27 

28 


01.0 


29 


01.2 


30 


01.5 


31 


01.8 


32 


02.2 


33 


02.6 


34 


03.0 
03.4 


35 
36 


03.9 
04.4 
04.9 
05.4 
06.0 


37 
38 
39 
40 
41 


06.6 
07.3 


42 
43 


07.9 


44 


08.6 
09.4 


45 



Links. 

10.1 

10.9 

11.7 

12.5 

13.4 

14.3 

15.2 

16.1 

17.1 

18.1 

19.1 

20.1 

21.2 

22.3 

23.4 

24.5 

25.7 

26.9 

28.1 

29.3 



The foregoing table is formed by simply sub- 
tracting the natural cosines from radius ; the inter- 
mediate numbers may be found sufficiently exact 
by simple proportion : by removing the decimal 
point two figures to the left^ they will become the 
number of 1000^ and this to be subtracted from 
any distance whatever. Rule — ^As 100 links to 
any number of links measured up or down a slope, 
so is the tabular number to the reduction required ; 
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^ 



therefore the distance in links multi[Jied by the 
tabular number^ and two figures cut off from the 
right hand, .or three when decimals ^of links are 

used, will bft fli6 answer: — 

• • « • J i • 

Example.' — Angle of elev. 29^ SS'^ dist 'measured* 600. 



• « • • 



Angle, 29° 33'. ,. 12,9 
+ by .^.. ... 600 



77.400 and 600— 77. 4 ==522 .'6, the) 

reduced base./ 



% X o » 



» I . • 



At 15% which is a very tiring ascent for men 
and animals, the reduction is . 034 of the whole 
distance, or 3-4 Unks in each chain, ^t .6 ph^^ns this 
aibounts^ to 20.4* links ; upon the scale of 8 inches 
to one inile this would be about .02 of an inch, a 
quantity nearly • insensible ; upon -a- scale- of 20 
inches t9 one mile, or 4 chains in one inch,' it would 
be a little more than -^^ 6f an inch^ which is a very 
sensible magnitude. For the reasons before given 
it is better to avoid these reductions as mudi as 
possible by the method of intersecticms^ foi^ the 
dope sometimes changes so much at short dis- 
tances that the work w^ould be thereby exceedingly 
prolonged. Whenever it is done^ a staff of the 
B^me height as the instrument should be set up 
forward, and after a cardiil rectificatioti by its 
levds> an angle of elevation should be taken to 
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i^6. top of the sta(f» and noted in the field-book 
between the proper limits of the chain-line. 

Since, as we have seen, the diflFerence bfetween 
inclined lines and their horizontal bases can only 
be shown on large scales^ or when the inclined 
lines make large angles with the horizon^ it is the 
practice with most surveyors to disregard them 
altogether, wherever the nature of fhe ground 
wUl admit of it, and to compensate for this by a 
certain tact which practice gives them in a very 
eminent degree. The experienced surveyor well 
knows that it is next to impossible for him to 
measure so many lines of different lengths and 
over surfaces of different degrees of smoothness 
with mathematical exactness, and his experience 
teaches him also that, from a combination of cir- 
cumstances, his series of bearings commonly run 
too long, he therefore shortens each line a little 
whenever they are not measured over level ground ; 
but when the slopes are very steep, and particu- 
larly if also long, either horizontal intersections 
or actual reduction must be resorted to. 

In surveying countries not having considerable 
elevations, we may safely trust to the preceding 
method, and if hills should arise suddenly, as they 
sometimes do, which give us reason to expect our 
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chain lines will run too long, we may avoid this 
inconvenience by carrying our measurements 
around these hills as much as possible, by which 
means we reduce the angle of inclination, and 
intersections will determine the points situated 
upon the hills correctly. In fact, we should avoid 
these reductions as much as possible, for they con- 
sume much time, and also, as we have before 
observed, because the hills are usually curved, 
which would make innumerable short stations 
necessary ; whereas to insure accuracy, the mea- 
sured lines should always be the longest possible, 
and the angular bearings the fewest. This is laid 
down as a principle in surveying, both to save time 
and to lessen the sources of error. 
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CHAPTER IIL 

Field-Book — Use of Protractor — Plotting and Catcu-* 

lation of Content. 

We must now describe the Field-Book^ and also 
another instrument called a Protractor^ which is 
necessary, in order to lay down upon paper the 
angles which have been measured in the field. 

The field-book has been mentioned under the 
article Surveying ; but it must now be more parti- 
cularly detailed. It is used to enter the bearings 
and distances taken with the theodolite and chain. 
It is very essential that this register should be kept 
as neatly as the circumstances of its being held in 
the hand while writing, and also while holding the 
•chain, will allow : with experienced persons these 
impediments are entirely removed by habit. 

As every one has his own method of keeping 
this register, we shall only point out that which we 
prefer and always use from its simplicity, which in 
this is everything. It should be free from ambi- 
guity, so as to allow of any other person plotting 
from it in the event of the work not being finished 
by the person who began it. 
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Two parallel lines are ruled through the middle 
of each page^ about an inch apart^ to admit of 
writing numbers of four or five figures : this is all 
the preparation necessary* 

The first station is entered at the bottom of a 
page by a small circle, with a point within it, 
thus 0. 

The intersection to distant objects, if any, should 
always be entered first, and the forward bearing 
afterwards, to prevent mistakes in plotting by 
laying down the distance upon a wrong bearing ; 
then the distances at which offsets have been taken, 
also those offsets themselves on the right or left as 
the case may be, a line being drawn by either or 
both sides, following the principal bends of the 
fences, &c., with a sketch of the houses, &c. &c. 
&c. ; and lastly, at the end of each measured line, 
the total distance from the last station is entered 
with an offset on one or both sides, and a line is 
drawn across the book. 

A new station is then marked, and the same 
process repeated until the day's work ends, at 
which period a double line is drawn across the 
book. 

The annexed specimen, from an actual survey> 
will make the following iostructions more clearly 
understood. 
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If any wrong figure is entered, it should be 
corrected as soon as discovered, not by an attempt 
to improve or alter it, which is losing time, and 
occasions uncertainty, but by running the pen 
through it, and entering the correct number at the 
side of the book exactly opposite the false one. 

The reason why the field-book is begun at the 
bottom of each page and written upwards, is be- 
cause the space contained between the two parallel 
lines represents the chain line, and as we are 
always measuring forward or from the last station^ 
it is knost natural to enter the numbers, &c. in that 
direction ; whereas, in the usual way of entering 
anything from the top towards the bottom, the 
work would be inverted ; besides, in plotting from 
a book, the method prescribed has considerable 
advantages. 

To make this part of. the subject still more in- 
telligible, we shall, when the plotting is described, 
give an entire field-book, and the small plan 
belonging to it^ 

The protractor (Plate L Jig, 2) is an instrument 
which performs the same office upon the paper 
that the theodolite does upon the ground : it re* 
traces our steps, and enables us to lay down 
exactly the route taken by the other instrument. 
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Protractors are made circular or semicircular ; 
the latter is most convenient^ and will be men- 
tioned first. A semicircle of brass is connected 
with a flat brass ruler, the fiducial edge of which is 
a diameter of the divided semicircle^ or rather it is 
formed of one solid piece (see Plate I. fig. 2) ; 
and it has generally upon it a diagonal scale of 
two and four inches to a mile. Upon a centre of 
a peculiar construction^ an index, carrying a ver- 
nier, is made to move freely ; it has a long pro- 
jecting end, which, if the instrument is truly made, 
points exactly to the centre of motion, and cuts oflF 
the required arcs upon the limb; this limb is 
divided into 180°, and numbered so as to read to 
360°, that it may correspond with those theodo- 
lites which are so numbered, the vernier com- 
monly dividing the degrees into minutes. Some 
are divided to 180° both ways. As the zero of the 
theodolite is always opposite the north or south 
points in surveying, and the protractor numbered 
so that those numbers above 180° regularly cor- 
respond with those below it, and distant from 
them one semicircle, it is iudifierent upon which 
half of the limb in the theodolite, or which set of 
numbers on the protractor, the angle is read: 
thus 187° 15' is the same as T 15' ; also 269° 4' 
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is the same as 89° 4', and so forth. This parti- 
cular arrangement of the numbers, and that of 
the use of the instrument we are about to describe, 
renders all addition or subtraction unnecessary, 
and thereby much facilitates the process. 

The zero is always upon a meridian ; the angle 
is always, when surveying by the back angle, read 
indifferently on either half of the instrument be- 
tween and 180, or between 180 and 360 : now 
all ambiguity disappears from simply entering in 
the field-book the direction of the bearing, that is, 
towards what point of the compass it is taken. 
Thus 187° 15' and 7° 15' both give the same line 
upon paper, but it must be noted whether we 
looked towards the north-eastward, or towards the 
south-westward ; also 269° 4 and 89° 4' are each 
inclined to the meridian in an angle of 89° 4', but 
they may be either S.W. or N.E. These things 
being well understood, the method of laying down 
the angles or plotting them is simply thus : — 

A large sheet of paper is carefully covered with 
lines correctly parallel to each other, about an 
inch and a half apart, ruled through its whole 
length, — these are magnetic meridians : one end of 
the centi'e line is marked north, and the other 
south ; the east and west points are also marked 
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upon the sides of the sheet right and left of the 
meridian. 

Now a place being chosen upon the paper for 
the first station^ it is marked with the point of 9 
hard pencil and a small circle drawn around it ; the 
protractor is then set to the angle in the field- 
book^ which shews the first bearings and adjusted 
to that meridian which is most convenient for 
ruling the bearing from the station in its proper 
direction. To prevent it from slipping, a ruler is 
placed next the person who uses it^ and behind the 
protractor ; this keeps it steady^ and. allows of it 
being adjusted to the station-point more exactly^ 
by sliding it until the projecting fiducial edge 
passes through the station. 

A further advantage is gained by using parallel 
rulers^ for besides keeping the protractor steady^ 
if no meridian is conveniently placed to lay down 
the required bearings this instrument will supply 
the place of one without actually ruling it where- 

■ 

ever it may be wanted. There are rulers made 
for this express purpose, one half of which can be 
screwed fast upon the table, and they are very 
convenient when much work is to be laid down, 
particularly if upon a small scale. When the 
projecting part of the moveable index is made to 
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pass through the station^ a fine pencil line is 
drawn by it ; this is the required bearings and must 
have the distance from it to the next station laid 
down upon it from any scale by the compasses : 
a small circle is drawn around this new station^ 
fand the same process is repeated with great care 
through all the stations. If the last bearing and 
distance have been measured up to the first or any 
other station^ and they are plotted right, it is 
obvious that the last bearing will pass through 
that station and the distance fall upon it^ if the 
measurement is also right ; this is called closing 
correctly. 

The distances should be very carefully taken 
from the scale, which should be a good one, and 
we have already remarked that there is a natural 
tendency, from the little irregularities of the 
ground, which it would be endless to reduce to 
their horizontal lines, and also the holes made by 
the compasses for all series of distances, to beconie 
a little too long. 

This method of plotting is so expeditious, that 
we have seen fifty bearings and distances laid 
down in one hour, when the scale was about two 
inches to a mile: this rapidity is, however, not 
very common. 
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Now the pupil will see more clearly the reason 
for entering the forward bearing last^ and the in- 
tersections before it; for if any intersection is 
entered last^ he is apt to plot that instead of the 
required bearing. 

It is therefore a rule, after laying do¥m all the 
bearings^ and thus ascertaining the correctness of 
our work^ to plot all the intersections by them- 
selves, rejecting those that may not be of material 
consequence, as we sometimes find more than we 
want. 

We have supposed the instruments free from 
thie error of subdivision and centering, and they 
generally are very nearly so, or they would con- 
sume too much time in applying the corrections ; 
they should, therefore, be obtained from the best 
makers, and carefully proved before they are 
used. 

The most common error likely to aflFect the 
accuracy of this part of the work is, that arising 
from the fiducial edge which passes through the 
centre not being parallel to the back of the in- 
strument where it rests against the ruler ; but in 
this case the instrument may always be adjusted to 
the meridians by the interior edge, and not indif- 
ferently by either edge, the rule being employed 
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merely to keep it steady, or assist in transferring 
it to another place ; or if the back of the protractor 
is employed for that purpose, and the ruler itself 
adjusted constantly to the meridians, then the 
constant error must be found and allowed for, in 
joining on to any work laid down by another in- 
strument, as also in laying down the true north 
point. 

Every bearing and distance must be marked in 
the field-book with a pencil as soon as it is plotted, 
or there is a chance of mistakes, by doing them 
twice over, or leaving some out. 

When this part of the plot is finished and found 
to be correct, we may either plot the oflFsets upon 
that, or prick the stations down on a clean sheet 
of paper, and do them there ; in either case we 
proceed as follows : — 

Take the distances upon every chain line with a 
pair of compasses, and lay them down with the 
corresponding oflFsets, which being connected by 
pencil lines form the irregular boundaries of roads, 
&c. ; or still more expeditiously by using the 
edge of a plotting scale, or a piece of paper hav- 
ing the proper scale upon it, both for the dis- 
tances and the oflFsets ; the houses must also be 
put in at this time, as their situation, when not 

E 
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depending upon intersections^ is always obtained 
by offsets. It is usual on scales not greater than 
six inches to one mile^ for an experienced person 
to judge all the shorter offsets^ as he soon becomes 
accustomed to the scale^ and it saves a vast deal 
of time ; but upon large scales they must be laid 
down by measurement. 

When it is of consequence to preserve the sta- 
tions and lines^ as in the event of laying down 
more work^ they are drawn in red; and if^ 
instead of finishing upon the rough plot^ we do 
so upon a clean sheet of paper, the station lines 
are all rubbed out as soon as we have passed 
over all the roads^ boundaries, &c. with Indian 
ink; the houses are to be made red, and the 
rivers and streams blue^ but no red can be used 
safely before the Indian ink shading of hills, &c. 
is finished, because it would wash up ; we, there- 
fore, leave them in pencil until the last. We 
are now ready for sketching in the hills ; for this 
purpose trace upon thin paper all that has been 
before laid down, in small portions, and taking 
them on the ground, draw it in upon the spot : 
it is obvious, that the more objects intersected, 
and the more numerous the rOads, &c., the easier 
will be this part of the operation, which, in a 
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deficiency of these data, must be done by pacing, 
or other means more easily understood, by seeing 
the actual performance of them, than by a cir- 
cumlocutory explanation ; yet this will be attempted 
in the following part of the work. 

The sketching being finished, it is transferred 
to the original plan, and the hills drawn with 
Indian ink or in colours, as may be thought best ; 
but in the latter case grey should be substituted 
for Indian ink in all those lines before directed to 
be drawn in the latter colour. We now also put 
in the woods, commons, and every other object 
upon the surface, and it remains to lay down the 
true north point upon q\\t plan. 

This may be done by finding the variation of 
the needle, by equal altitudes of the fixed stars, or 
by an easy calculation in spherical trigonometry, 
having the altitudes of one or more stars taken on 
each side of the meridian for greater accuracy. 

In doing this, an instrument in good order must 
be used, and particularly the needle-pivot must 
not be excentric, otherwise a correction is neces- 
sary from that circumstance. To obviate that and 
other inconveniences, we may use a method 
wherein the needle has no influence whatever, 
although the variation of that particular needle 

£ 2 
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may be inferred from it. This will be raentioued 
in the book devoted to military sketching. If the 
variation is well known where the survey is made, 
and the needle we use is tolerably correct, these 
latter proceedings are, of course^ unnecessary. 
A scale must also be added in some convenient 
place ; this may be pricked down from the rough 
plot^ upon which it is better to have made one^ 
than to use any other scale whatever : for if the 
paper alters, as it will very much in great changes * 
of weather, from damp to dry^ the scale made 
upon it will always fit the work better than any 
other. 

Much time may be saved by dividing the rough 
plot into small portions^ and sketching upon them ; 
but this must not be done until it has been trans- 
ferred to the clean paper for the plan. 

There is also a Circular Protractor, which is thus 
used : a single meridian is ruled near the centre 
of the paper, with an east and west line across its 
centre ; the protractor is laid down upon it, having 
the zero and the 1 80th degree exactly over the 
meridian, and, consequently, the 90th and 270th 
degrees upon the east and west lines : the centre of 
the instrument will then be correctly placed over 
the intersection of these two lines, where it is held 
fast by four points which pass through diflferent 
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parts of its circumference. The cardinal points 
are marked as when the semi-circular protractor 
is used. 

The stations are numbered in the field-book ; 
and without the protractor being lifted off the 
paper, it is set to each angle, and a short line 
drawn by the projecting fiducial edge of the 
moveable index^ which line is numbered to cor- 
respond with the angle in the book : when as 
many as may be thought necessary are thus 
plotted^ the instrument is removed, a parallel 
ruler is applied to each of the short lines and the 
centre, and each bearing transferred to that part 
of the paper where it is required, the distances 
and offsets being laid down from the book, as 
before described. 

Some protractors are furnished with a point, 
and not a fiducial edge, and the dots made by it 
serve instead of the short lines : some have two 
verniers and two points. 

The advantages attributed to this instrument 
principally arise from the two verniers : when it 
has them, they enable us to take two readings, it 
is true, and may serve to correct an angle ; but it 
is not, therefore, more proper for laying down tri- 
gonometrical points or triangles, which require 
great accuracy ; for as the distances between such 
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points ought always to be calculated, they are 
much better laid do\vn by beam compasses, thus 
avoiding all errors of division in the protractor, 
and some others which would arise from the use 
of angular instruments : besides, it must be re- 
marked that the semi-circular protractor, although 
furnished with only one vernier, can be used 
exactly in the same manner as the circular one, 
and with nearly the same advantage. The incon- 
veniences of the circular protractor are these, viz. 
that taany of the bearings very frequently come so 
nearly together as to create much confusion, and 
render mistakes probable, and, indeed, very likely 
to happen, unless several places are chosen for 
fixing it at diflTerent times ; also, the transfer of 
the bearings is attended with great probability of 
error, when they happen, as is often the case, to lie 
at a great distance from the place where the pro- 
tractor has been used. 

We shall now present the reader with a real 
field-book, and the plan which was plotted from 
it. (Plate II. Jig. 2.) 

For the convenience of reference to the Plate, 
the stations are marked A, B, C, &c. to corre- 
spond, but this is not absolutely necessary in prac- 
tice, 

the dotted lines represent the triangles and 
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trapezia the fields have been formed into^ by 
taking in and throwing out parts of their borders, 
— a practice easily acquired^ and the calculation 
will stand as under : — 



Trapez. I. 


205 
559 

2)764 

382 
742 

764 
1528 

2674 

2.83444 




Triang. II. 


878 
98 


2)196 
98 




7024 
7902 






.86044 




Triang. III. 


2)120 
60 


251 
60 

.15060 


Triang. IV. 


2)1?2 
61 


355 
61 

355 
2130 

.21655 


Triang. V. 


2)135 
67 


418 
67 

2926 
2508 

.28006 


Triang. VI. 


2)54 
27 


332 
27 

2324 

664 



In Trapes. I. 



In Trapez. 2. 



In Triang. 4. 



175 
437 



2)612 
306 



274 
286 

2)560 

280 



In Triang. 3. . 2)394 

197 



2)83 
41 



Trapez. I. . . 2.83444 Trapez. 1 . 

Triang. II. . . .86044 „ 2. 

III. . . .15060 Triang. 3. 

IV. . . .21655 „ 4. 

V. . . .28006 

VI. . . .08964 






.08964 



4.43173 
;_4 

1.72692 
20 

29.07680 



1035 
306 



6210 
3150 

3.I67I0 



607 
280 



40560 
1014 

1^1960 



453 
197 



3171 
4077 
453 

.89241 



888 
41 



888 
3552 

.36408 



3.16710 

1.41960 

.89241 

36408 

5.84319 
4 

3.37276 
40 

14.91040 



A R P 

East field 4* 1*29 

Westfield 5 3 15 

Total . . 10 1 4 
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Had more fields been wanted^ we might have 
proceeded fix)m any one of the stations into the ad- 
joining fields^ always cloang upon a former sta- 
tion^ if possible^ or upon some gate before deter- 
mined by an ofi^^ as in the close at the gate L ; 
bnt if a g^reat number of fields are to be surveyed^ it 
is better to go round several firsts always marking 
where other fences join into those we are survey- 
ings as at M, and these will serve as points of de- 
parture, or to close upon when filling in the inte- 
rior of what we have gone round. 
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CHAPTER IV. 

Use of Plane^'Table, finding Stations, 8fc. 

The student has now been instructed in the use 
of the theodolite, chain, and protractor. We shall 
suppose him to have measured a large estate^ and 
to have laid it down correctly upon rough car- 
tridge paper^ with the offsets^ and every thing 
that is given in the field-book. There will be 
frequently many little things omitted which it 
would be a waste of time to employ a theodolite 
in doing: they are therefore commonly left for 
another instrument which we ui^e for drawing in 
the hills ; it is extremely simple in its construction 
and use^ and is called a Plane-table. We some- 
times use this instrument entirely for planning, but 
it is not so exact as the theodolite. 

THE PLANE-TABLE. 

It is made in a variety of ways, most of which 
are inconvenient and heavy ; nor can it ever be 
put in competition with a theodolite^ even when 
in its most complicated form. To make it really 
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usefbl^ we most reduce it to the most 9iiq>le state 
possible^ — make it as light as can be^ consistent 
with strength and steadiness^ and thai it becomes 
one of the best and most convenieit instruments 
we have^ to fill in what remains c^ a survey after 
the other work is finished^ and also to draw the 
hills. 

Thus simplified, we have drawn it^ sqiarated 
into three parts^ — yiz, the table^ the brass- woi^^ 
and the upper part of the legs. (See Plate I.^ 

fig- 3.) 

Its principles will be ea^y und^^tood in the 

following description of the use we make of it in 

the field : — 

A portion of the sketch being placed upon the 
table^ the rim is shut down upon it and fiistened 
by buttons underneath. It vnil be sufficiently 
stretched without wetting the paper, which would 
alter the scale of the drawing ; and it would no 
longer fit the plot^ or the part of it where it was 
taken from^ if we cut up the original plot for 
sketching, and this should never be done unless 
to save time. 

We now take it into the fields and place it upon 
some former station^ or at one end of some long 
line^ exactly as we do the theodolite, only that we 
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level it by the legs alone, for the compass-card is 
a good substitute for levels in this case, where the 
greatest accuracy in placing the instrument hori- 
i^ontal is tiot required: we can judge very nearly 
by the card, which will touch the small point 
placed over It in the box, unless it is so nearly 
horizontal as to clear it while spinning round, as it 
generally does when first set down; 

When we are satisfied that it is very nearly 
horizontal, the clahipihg screw is to be released, 
and a plane ruler to be laid over the corresponding 
station upon the plot> and any other convenient 
object within sight, or along the line we have 
Supposed. Now we hold the ruler fast, and turn 
the table about until the distant object, or the end 
of the long line, is seen at the other ehd of it, 
wheii the eye is applied at the distance of about 
eight of nine inches from the nearest end ; we 
now know that the figure upon the table and that 
oh the ^ound correspond, or that every line on 
the first is parallel to its Representation on the 
paper. When the needle has ceased to vibrate, 
the degree that is under the small pin before 
mentioned should be noted on our paper, and it is 
obvious that at any place we please the table can 
be placed parallel to its first position by adjusting 
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it to this particular degree of the card, supposing 
the needle not to vary in the mean time ; yet this 
trusting to the needle may be avoided in every 
case where two objects present themselves^ both 
of which are marked upon the plan, (always pre- 
ferring those which were fixed by actual measure- 
ment or intersection^) if we adjust the table to 
them as at first, — and the needle becomes a check 
upon the work, as it is in the theodolite. 

It will readily occur to the pupil that every two 
points upon his survey, whatever objects may lie 
between them, will in fact be the extremities of a 
base equally true as if it had been actually mea- 
sured; and the table being placed upon such 
points, and adjusted as before taught, we obtain 
intersections to all objects of which it may be 
necessary to find the place. This is done by 
placing the leg of a pair of compasses upon the 
station and the edge of the ruler in contact with it, 
turning the ruler as upon a pivot until the object 
to be intersected is seen along its edge, and then 
drawing a fine line by the same edge. This being 
done from three different places will be found 

very exact in most cases, although there is in 
strictness an error of the same kind as that 
mentioned in treating of the theodolite when it 
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is not exactly over a station. The remedy for 
this, in the complicated plane-table, is by 
making the ruler or index a real parallel ruler, 
by fixing it to a pivot in the centre of the table, 
and then ruling a parallel to the line of intersec- 
tion wherever it may be wanted ; but when we are 
only sketching hills, or fixing objects which are 
not very small, in the filling in a survey, this 
nicety is of but little consequence : for the table 
being but small, the difference occasioned by this 
parallax of the instrument can never make many 
inches error in the place of an object, and upon 
almost all scales in common use, this magnitude 
is but a mere point : if, therefore, we wish for that 
degree of accuracy, we must either do every thing 
with the theodolite, or use the complicated plane- 
table, and be satisfied with its multiplied ap- 
paratus, unwieldiness and unsteadiness, although 
that is a much more fruitful source of error than 
what we have just mentioned. 

Thus we may join up any unfinished lines or 
buildings that were left in the surveying to avoid 
short stations, or for other reasons ; but the con- 
verse of this method by intersections is of most 
service, and hence it constitutes almost the sole 
use of the plane-table in sketching hills or finish- 
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ing any work, and even that which is performed 
by thb instrument only. 

We have shewn how to set op our plane-tahle 
by the needle alone^ after having first ascertained 
its direction^ when the figure represented and the 
natural figure are parallel. This^ then, is done at 
any place where we can see two or more well de<- 
fined objects^ the places of which are known to be 
well ascertained ; and now, as the two figures are 
necessarily parallel, it is evident that^ consid^ng 
any two objects on the plan as a base, it is indif^ 
ferent whether we go to them and intersect a third 
object^ or whether, being at that third object, we 
draw the intersections back agsun towards our*' 
selves: therefore this problem which is called 
finding our place, or interpolation^ consists only in 
this — ^that having set up the table on the top of a 
hill, or elsewhere, and adjusted it by the needle, 
we place the ruler over some distant object, and 
its corresponding place upon the plan, then draw- 
ing a line towards ourselves, it is obvious we must 
be somewhere in that line, and the same will hold 
good of any other object. If, therefore, we do the 
same by another station or object, the intersection 
of these two lines determines the place where we 
stand. If ^ third object can be found, it is advise- 
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able to draw also a line from it for greater cer- 
tainty, and it Is, therefore^ seldom omitted, al- 
though, theoretically, two lines would be sufficient. 
True as this is in principle^ the practice depends 
much upon the nice adjustment of the needle^ 
without which it becomes erroneous ; it is there- 
fore necessary always to pay particular regard to 
this circumstance ; and it generally happens that 
several lines will intersect each other in the same 
point or place of the observer. Two new stations 
may also be found by the plane-table at one ope- 
ration, whenever local circumstances favour it: 
(Plate I.^ fig, 4) thus let A be one of the points 
given by the sketch, and let it be required to find 
the situation of b' and c or b and c. Take the bear- 
ing A B ; assume the point B upon it ; and take the 
bearing of D, the latter being to some object with- 
in reach, the situation of which we desire to know, 
and draw B D : pace the distance B C, and lay it 
down upon B D ; set up the table at C, and hav- 
ing adjusted it by the needle again, take the bear- 
ing of A, producing the line as far as may be 
necejssary. Now this line will generally fall on one 
side of the point C, but it will always form with 
the bearings A B and B D a similar triangle to 
that we are seeking ; and as we know the length 
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of one of its sides B C, we have only to draw c c 
parallel to AB, which will cut Ac or Ad in the 
point required ; another line cb or cb parallel to 
D B, will give the other required station, or that 
we assumed at first. The greater the radius of the 
needle^ the more accurately it may be adjusted. 
In angular measurements this is always of great 
consequence^ because in long distances the errors 
become considerable ; small needles should^ there- 
fore, not be used. A compass-card is preferable 
to a simple needle^ because it sooner ceases to 
vibrate^ and thus saves time; and it is also a 
better substitute for levels. 

The Germans have a method of finding their 
place without depending upon the needle ; but it 
is so prolix, and after all depends upon an exact 
assumption of two lines, in a figure rather com- 
plicated, that we have found it better to trust to a 
good needle, which experience has shewn to an- 
swer every practical purpose, than to waste time 
in drawing figures only to last for a moment, and 
then to be rubbed out again. 

Whenever a line is wanted to complete the 
junction of roads, fences, &c., the latter or former 
method may be resorted to. The last is most com- 
monly used, as before stated ; for, generally speak- 
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ing, we have only to find our place and get inter- 
sections from thence/ or the bearings of streams^ 
fences^ &c., between points already known^ in 
brder to add every thing necessary to the comple- 
tion of our survey. In drawing the hills, inter- 
polation, or finding our place, is every thing, as 
will be seen hereafter, when we come to that part 
of the subject. 

It may not be improper to remark, that the 
theodolite is admirably calculated for interpola- 
tion, and it will frequently save much time and 
trouble by beginning from a place so found. 

Practice will soon shew the pupil the most 
expeditious and certain use of his plane-table, if 
these instructions are properly attended to ; and he 
may make a sketch with considerable accuracy, 
upon a small scale, with this instrument alone. By 
first measuring or pacing a base, and intersecting 
objects from each end, these become points from 
whence he may obtain other intersections : these he 
fills in by the eye, always preferring intersections, 
or finding his place, to pacing by a zigzag course, 
when it can possibly be avoided; and if points 
have been carefully fixed with the sextant, or 
otherwise, he need only prick them down on his 
paper, and having once found the direction of his 
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needle^ as before taught^ the whole may be done 
both expeditiously and correctly. 

We must ol)serve^ that in many cases where a 
distant object is much above or below the horizon- 
tal line, or plane of the table^ the mere edge of a 
ruler is not of sufficient thickness to observe by. 
The mdex of the old plane-table has two sights^ 
with slits and perpendicular wires to meet this exi- 
gence^ and is certainly preferable on that account ; 
or we may erect two perpendicular brackets^ as in 
Plate I. fig. 13^ the edges of which will serve as 
well ; for^ without them^ we must SMpend a small 
plummet between the eye and object^ and place the 
ruler by the help of it ; or we must note some object 
in the same perpendicular plane as that we are 
intersecting^ and use it instead : fiome tree^ stub^ 
bush^ post, or other object generally presents 
itself so as to occasion very little uncertainty in 
this respect 

It is very likely that in a perusal of the fore- 
going and following pages^ the cautions against 
error in some cases^ and the apparent toleration of 
it in others, may appear unaccountable : the follow- 
ing brief remarks will^ it is hoped, remove every 
appearance of incongruity. 

All instruments are in a degree imperfect^ and^ 
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consequently^ the operations in which they are 
used are liable to small errors : these^ where they 
ate likely to accumulate^ must be carefully guarded 
against. By a good practical application of the 
instrument^ they may be, in many cases, much les- 
sened, and in others entirely removed : in using 
very large instruments, this is a circumstance re« 
quiring constant attention on the part of the ob. 
server. Now the errors which are of most conse- 
^uence> arising from wrong angles in the principal 
parts of the work, are of this class : for if the 
greater points are wrong fixed, error will accumu** 
late ; but, by paying much attention to this circum*^ 
stance, and liot deriving the minor points from 
one another, when it can be avoided^ but always 
from the first-mentioned, a little error in those 
minor points will not be perceptible ; and, as 
each has only its own, it is divided and not accu- 
mulated. Hence, the principle is developed, which 
has been followed in these instructions, namely, 
that all imperfections of workmanship in instru- 
ments, which are unavoidable, should be divided 
in such a manner as, in most cases, to vanish 
entirely in the drawing; and this is the great 
principle in the use of all instruments whatever. 

It will be recollected, that we have especially 
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Bolked angnbr errois^ beraiwp the sobtenoesc^ 
diose angles increase sa mncli with the distance^ 
while a local error of a fiew inches^ or even a foot^ 
b not material in a case where it can be propa- 
gated no finther. 

Tothose who are aocastomed to the use of large 
instruments^ all diis is wdl known ; and that^ 
ahhoogh mathematical solntions are undoubtedly 
true, yet^ when practically applied^ the greatest 
skill is oiken necessary^ in ordn* to aTmd fidse 
results from the imperfecticm of instruments. For- 
tunately for the sunreyor^ those he uses are com- 
paratirdy small, and more firm in their construc- 
tion. He also deriTCs anodier consideraUe advan- 
tage from the scale of his drawii^;s, where, as we 
have shewn before, a magnitude sensible enough 
upcm the ground is very insignificant when exhi- 
bited upon paper. 
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CHAPTER V. 

General Observations upon Surveyingi <3t«rf Instructions 
for filling'in Triangles — Investigation of a true 
Scale of Shade, 

The student who understands what has been 
before taught, is perfectly qualified for filling-in 
the triangles of a large survey, as that of Great 
Britain and other countries. In those which are 
laid down on so small a scale as two or four inches 
to one mile, and where the country is not full of 
steep acclivities, the reduction to horizontal bases 
cannot be separately appreciated, but the lines will 
overrun ; and the practice before spoken of must 
be resorted to when necessary, or the survey can-^ 
not fit the points which have been obtained with 
much care as a check upon its accuracy. 

The number of offsets will be but few, for they 
cannot be shewn on so small a scale : this much 
^bridges the labour, and the number of entries in 
the field-book are proportionably lessened. 

Supposing that a few trigonometrical pointy 
Jiave as iisual been given to a surveyor to lay his 
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work down to them^ he must take an (^portunity 
of going to one or more of them before he b^ins 
plotting^ and take the bearing by his theodolite^ 
cx)mpass^ of some other very carefully. Now by 
this he can lay down the meridian of his own par- 
ticular theodolite, which will in general differ a 
little from that given by another theodolite from 
the same place and to the same object ; and when- 
ever any other instrument is taken into use, the 
same operation must be performed with that, and 
then the work done by both will accord^ as it 
ought to do; for as the magnetic meridians of 
different theodolites generally differ a little, from 
errors of centreings or some local attractions in the 
instrument, that difference must be tried upon 
some known bearing within the survey^ and those 
used for plotting being adjusted accordingly, there 
will be no occasion for twisting the work; and 
thus the work of several instruments may be laid 
down on the same paper without error^ instead of 
being drawn on separate pieces and joined after- 
wards. 

Many persons do not use this precaution^ but it 
is highly satisfactory to have done so^ when we see 
the accordance it produces ; and in the writer's opi- 
nion it is absolutely necessary in correct work. It is 
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true that very often the points given are not con* 
veniently situated to admit of this method being 
used, and in that case it is preferable to use the 
corrections for excentricity of stations^ or any in- 
direct method^ to merely trying the work after it 
is plotted, by applying the points, as is more 
frequently practised. 

Trigonometrical surveyors would do well to 
mark carefqlly the points they have chosen, instead 
of sufiering them to be lost^ or giving a verbal 
and insufficient description of them, which creates 
much uncertainty and great trouble to the sur- 
veyor who fills them in. 

We have led the student through that part of 
surveying which may be termed linear, and which 
requires only good instruments and care. We 
must now recal his attention to the problem with 
which we set out^ and state that there are two 
methods of shewing the solid after these lines 
have been drawn : one is by vertical illumination 
in parallel rays ; the other^ called light and shade, 
is by oblique rays issuing from the left hand upper 
corner of a drawing, and also parallel to each 
other. It is evident, that by the first method the 
light which falls on the slopes of hills will be much 
lessened as they approach to a perpendicular. The 
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exact determination of its quantity, though not 
difficult, has occasioned much discussion when 
plans or maps are destined for military purposes ; 
and we cannot do better than investigate the sub- 
ject considered abstractedly from all reflected light 
whatever. 

Let parallel rays fall perpendicularly upon the 
horizontal plane A B C D^ and it will receive its 
maximum of illumination* (J^laU I.^ ^g. 5.) 

Suppose now another plane CDEF^ whose 
side E D is twice the length of the first plane, to 
be placed at such an angle as that E and F shall 
be respectively in the perpendiculars AE and 
F B : it is evident that this second plane, inasmuch 
as it contains double the superficial space of the 
first, will receive but half the quantity of light 
upon any given portion of it, that was received 
upon a similar portion of the first. 

Suppose, again, that another plane C D G H, 
whose side G D is three times the length of the 
first plane, be so placed that G and H are in the 
perpendiculars A and B respectively; it is also 
evident that this last plane, because it contains 
three times the superficial space of the first, will 
receive but one-third of the quantity of light upon 
any given portion of it, that was received upon a 
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similar portion of the first; that is to say> the 
light decreases inversely^ as the superficies of the 
planes increase^ by increasing their angles of ele- 
vation ; or twice the plane of the base receives 
but half the light, and three times the plane of the 
base receives only one-third of the lights and not 
at twice the angle^ one-half of the lights &c. as 
generally stated. 

And the same will take place let the breadth of 
the planes be whatever it may^ if the other dimen- 
sion alone is augmented. 

The decrease of light is thus easily made out ; 
but if this be admitted whereon to establish a 
principle of shading, we must take the converse, 
as it is the shade with which we have to perform 
our operations, whereas in nature the shade is a 
sort of negative, being only either a total privation 
or a decrease of light. A plane perpendicular to 
the horizon, if perfectly smooth, could receive no 
light, and the shade in this case becomes a maxi- 
mum ; we must now determine what proportion it 
bears to the light in the intermediate degrees of 
obliquity. 

We shall first consider the case where the su- 
perficies of the plane is doubled and the light re- 
duced to one-half, answering to an elevation of 
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60". Now^ as all perpendicular planes are alike 
deprived of light, without regard to their extent^ 
we may take the plane DIJC==ABC D ; and 
supposing shade to be of a positive natore^ as 
mdeedit is in practice, imagine this phuie DUG 
to extend itself until equal to C D E F, and to fall 
down to an angle of 60° : the shade will now be 
extended over twice the space it originally occu- 
pied, and consequentiy its intensity will be re- 
duced to one-half ; and so also is the light which 
falls upon the increased plane : hence there is an 
equal portion of each. 

If DUG be extended until it is equal to 
G D G H, or to make an angle of 70° 31' 44", the 
shade will be dispersed over three times its ori- 
ginal space, and so also will the light ; each will, 
therefore, be only one-third of its original in- 
tensity ; and this reasoning obviously holds good 
in all cases whatever. It therefore follows that 
both the light and the shade decrease in propor- 
tion of radius to the cosines of the angles at the 
base, or their equals the angles of depression at 
the top, because the sloping planes are increased 
in that proportion when compared with the hori- 
zontal planes beneath thera — or, we may more 
simply say, they increase as the secants of the 
angles of elevation to the radius AD or BG. 
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If we consider the whiteness of paper to repre- 
sent the maximum of lights or that on a horizontal 
plane^ and the deep shade of Indian ink as the 
positive representative of a total privation of light 
on a perpendicular plane^ then the law of diminu- 
tion before deduced will give us the intermediate 
shades. 

If a given quantity of liquid and intense shade 
be capable of covering a given superficies, sup- 
pose a square inch, then it is evident that by 
adding an equal volume of water it will cover two 
square inches, or double that space ; for the co- 
louring matter, being spread over twice as much 
space, will lose one half of its intensity : for, as 
water communicates no tint of itself, it may be con- 
sidered as the representative of light, and must 
be used to spread the shade over a greater space : 
this, then, is the proper shade for a slope of 60°. 
If we add to a like quantity of water twice its 
volume of shade, it will now cover three times the 
original space, and its intensity will be increased 
one-third : it is, therefore, the proper shade for 70J° 
nearly, and so of any other between 0° and 90°. 

The following table contains the numerical 
values of the slopes for every 5*" up to 45°; 
below 5° the difference of shade is hardly percep- 
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tible, and beyond 45° the ground is generally so 
broken as to present a rocky or craggy appear- 
ance, which must be left to the skill of the 
draughtsman, who must draw its foreshortened 
appearance from real studies, if he wishes to excel : 

Elf vatioD. Value of Increased slope. 

5 1.00382 

10 1.01543 

15 1.03528 

20 1.06418 

25 1.1034 

30 1.1547 

35 1.2208 

40 1.3054 

45 1.4142 

From this table it appears, if the plane D IJ C, 
equal to the plane of the base A B C D, be taken 
as unity, that at 5° of elevation the sloping plane 
is greater than the horizontal base, in the propor- 
tion of 1.00382 to 1 : there is, therefore, only 
.99618 of light left, upon it, the shade being di- 
minished from absolute black, or 1, to no more 
than .00382. In like manner the light also is in 
effect reduced .00382 parts from unity, leaving 
as a remainder .99618 : hence, if the water neces- 
sary to cover this slope is divided into 100,000 
parts, there must be 382 parts of ink added to it 
to enable it to cover the increased plane ; or, in 
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other words, to obtain a shade proper for that 
slope ; for, while the proportion of water to shade 
is kept, the quantity is indefinite. 

At 10% 1543 parts of ink added to 100,000 of 
water will give the true shade, and so on. Now, 
a slope of 20° is very difl&cult to ascend without 
following a zigzag course, as most persons must 
have experienced ; and to express this degree of 
elevation, we ought to use little more than six 
one-hundredth parts of shade to one hundred of 
water. It is, therefore, plain, that the practice of 
exhibiting such very dark shading on plans, as is 
generally followed, is very erroneous ; and although 
all allow the present plans to be overshaded, yet 
few seem to be aware of the true quantity that 
should be used; but from observations carefully 
made upon irregular solids, illuminated at every 
possible angle, and the theory we have deduced, 
there can be no hesitation in admitting, that the 
theory allows, in some cases, even more shade 
than would be visible under the same assumed cir- 
cumstances ; because, in nature, the light reflected 
from one oblique plane to another, -considerably 
reduces the shade which theory points out to us, 
and, therefore, it has been thrown entirely out of 
the question in the foregoing investigation. 
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We have now developed the principles which 
all profess to be guided by^ and certainly no one 
correctly follows : for although we cannot estimate 
light by absolute quantities, yet its ratio, under all 
possible circumstances, is perfectly appreciable^ 
and the quantity of the substance employed to 
produce shade may be computed to any degree of 
exactness ; therefore, if every plan could be drawn 
upon these principles, no difficulties would occur, 
as they constantly do when several parts drawii by 
different persons are to be united into one large 
drawing : for as no certain data at present exist, 
whereby to determine the relative values of slopes, 
if we except some few ill-contrived characters to 
be drawn with pen or pencil, and which never can 
express ground naturally, there is always a chance 
of mistaking when several parts of a large survey 
are to be joined together by a person ivho receives 
them from their respective surveyors. 

It might seem, therefore, that these principles 
could be made practically useful to learners by 
accurately constructing a scale of slopes for every 
5° of elevation^ according to the law before de- 
duced, without regarding the effect of reflected 
light, and referring to this as a standard upon all 
occasions i aud that a habit of conforming to this 
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scale might by degrees be induced : but the vast 
labour of attending to such a procedure would 
never be compensated by the aexjuracy thereby 
attained^ for the greatest skill and nicety alone 
could insure success. 

Experience daily shews that very seldom^ even 
when in one colour^ and when skilful persons are 
employed^ a drawing is copied faithfully as to 
strength ; and the difficulty which occasions this 
deviation would be still greater^ if the thing 
to be copied were itself constructed with such nice 
and discriminating care, as a strict adherence to 
these principles would demand^ and, besides, the 
slopes of hills are not mere inclined planes^ but 
curved surfaces of the greatest variety; and, 
hence^ the application of these principles is of too 
intricate a nature ever to be admitted in practice^ 
for we should then need an infinity of elevations in 
every part of a survey ; and what is now a labo- 
rious operation, if conducted properly^ would then 
be rendered infinitely more so ; and there can be 
no doubt of producing vet*y perfect plans, if only 
the principal slopes are regulated nearly upon 
these principles^ and drawn as usual by repeated 
shades laid upon one another^ and blended toge- 
ther in a proper manner* 



80 ON THE TRUE [Chap. V. 

We should not have entered upon the fore- 
going investigation^ if it had not been that most 
books upon topographical drawing set out from 
a hill seale^ which is generally assumed at the 
discretion of the authors^ but^ apparently, without 
much attention to truth ; and certainly, as we have 
said, when different marks or characters are em- 
ployed to represent different angles, the endless 
variety of curvature in ground utterly defies the 
application of them. 

We have insisted upon the necessity of drawing 
hills paler than most persons like to do, from hav- 
ing frequently seen that draughtsmen exhaust their 
scale of shades long before they have produced an 
effective representation of their ground. 

We should further consider, that above 45% 
and often below it, the slopes are either so 
broken or so rocky as to admit of a more pic- 
turesque representation than those of a gentle 
nature ; and this is what most draughtsmen are 
fond of doing, — ^the tameness of a succession of 
gentle slopes being generally little suited to the 
taste of any one who has the least pretension to 
the nanie of artist. 

Although we have now obtained the law of 
diminution of the light, and shewn the impracti* 
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cability of applying it with precision, we must 
observe, that much attention should notwithstand- 
ing be shewn to the distribution of shade, and 
some common agreement at least respecting the 
greater slopes be well understood ; for the portions 
of an extensive survey are often united by a per- 
son who has not seen the ground. If^ therefore, 
the persons who draw each portion endeavour to 
give them effect by overloading them with shade, 
much ambiguity will arise, and the pieces cannot 
be joined properly ; for example, each piece being 
usually bounded by a road, if that road crosses a 
hill, and the hill is on one piece shaded darker than 
its corresponding part on the other, then the per- 
son who unites them has nothing left to guide him 
but theory, and that is not entirely sufficient, espe- 
cially in its present imperfect state, the difficulty 
being moreover considerably augmented, while 
the identical character of hills is frequently lost in 
a mannered style of drawing. But if ever the in- 
dividual character of hills as to exterior, and the 
usual angles of their slopes, when of like kinds, 
should be well established, then much, if not all, of 
this uncertainty will disappear, even should the 
drawings be defective in the shading. 
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CHAPTER VI. 

Method of drawing Hills and of sketching them on the 
Ground ; or the remaining part of the Solution^^ 
Illustration of the Law regulating Pencil touches 
and shading Plans — Oblique Light considered. 

Therb are two methods of describing hills, both 
in the field and in the drawing-room ; one called 
the vertical, and the other the horizontal style, 
which are, or rather should be, peculiar to the 
pencil or pen ; for there is no absolute necessity for 
having recourse to any touches on an Indian ink 
plan, if the irregularities of surface are properly 
described by shade. 

In the first method the shade is formed by 
strokes of the pencil or pen radiating from or 
converging into any curved part of a hill, according 
as it projects or re-enters : they are supposed to 
describe the same course as water would do, if it 
could trickle in streams down the slopes ; and 
we hardly need observe, that they are darker or 
lighter according to the steepness of the slope. 

The other method has the shade formed by 
lines parallel or nearly so to the horizon. It is 
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much more easy to apply, and more natural than 
the former^ although^ on some kinds of ground^ a 
judicious draughtsman will^ perhaps^ employ the 
first, or a mixture of both : experience in sketching 
will point out the use of either or both^ as in 
^i^g'gy gfound^ rocks^ &c. A specimen will illus- 
iJtBte this completely^ and will be found in Plate lit. 
which has a representation of the same hill by 
both methods^ and also a piece of broken ground 
with the two styles intermixed. 

The horizontal style^ has^ perhaps, some claim 
to particular notice, from its easy application in 
sketching, and the facility witii which it may be 
demonstrated and acquired by the following expe« 
riment ;— 

Procure a stone somewhat resembling a hill^ as 
may frequently be found, and a box that will just 
hold it^ with a small space around it : bed it in clay 
placed in the bottom of the box^ through which 
there should be a small hole and a plug ; fill the 
box with water stained with Indian ink, and let it 
off by means of the plug, about a quarter of an 
inch in depth at several times, allowing suffldent 
intervals for the fluid to stain the stone in that 
plane it has fallen to at the last abstraction. These 
stuins wiU present a smes of hoHzontal lines all 
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over the surface of the stone ; and if we then ex- 
amine the stone thus prepared^ looking down upon 
the top, we shall see that the steepness and flex- 
ure of its sides will be accurately marked with a 
proportional number of horizontal liaes at such 
variable distances as will very properly express it : 
thus, in fact, we obtain a sort of scale of the rela- 
tive steepness ; but in this, as in the other hill- 
scale, the rule deduced is impracticable without 
immense labour, yet it will nevertheless help us 
considerably in judging of the direction of our lines 
when sketching upon the horizontal principle, if 
we practise drawing from stones so prepared ; and 
the student who begins in this manner will very 
soon approximate to the truth, in sketching from . 
nature, to which it is the best introduction, for it 
forms the hand very soon and very correctly. 
We may also strongly recommend the learner 
to draw from plaster casts of figures, or good 
chalk drawings of them, which will materially 
assist him ; good models of hills or mountains 
would be still better, but they are by no means 
common productions. 

Whether a drawing is to be illuminated verti- 
cally or obliquely, it .is always sketched as in 
a perpendicular light.' We shall now proceed to 
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give the student some instructions how to perform 
this in the field. We shall suppose that he has 
placed and adjusted his plane-table on the feature 
(PL I. fig. 3.) facing the front of it, and that he 
sketches in the horizontal manner. He is to exa- 
mine the feature where he stands^ attentively, and 
ascertain the boundary, or where it begins to 
slope, and sweep the first line around it, or several 
shorter lines, as he thinks prefer. He then is to 
make parallel curve lines down the front, accord- 
ing to the degree of steepness, and next draw the 
sides in the same manner, properly distinguishing 
by the number, faintness, or boldness of the 
touches, the relative steepness of the slopes. He 
now, by means of his plane-table, finds his place 
upon some adjoining feature, where he repeats the 
operation, and so on through the whole, observing 
that the first piece he has sketched becomes a 
standard for the whole in point of strength of 
shade : he will, therefore, do well to occasionally 
measure an angle or two, where the slopes are 
long enough to admit of it, with a small quadrant 
and plummet such as he can make of a card, 
tftitil he can by practice do without it. 

While sketching the stronger features, or main 
hill, he should constantly determine by intersec* 
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tion the remarkable points of the under^features^ 
unless he prefers finding his place when upon 
them ; and he must remember tbat^ when on these 
lower elevations and surrounded by higher hills, he 
cannot always rely upon points being visiblq by 
which he may ascertain his situation, The wr* 
veyor should never quit a place h^ ha^ found 
correctly^ until he has made every intersectioa 
likely to be of use to him^ and in fact done a}} th^t 
can be performed there, or he will aometiqiieja be 
obliged to return again, and thus lose muoh tim@, 
We have here supposed an open country ^d 
small features ; in an inclosed country with k^rger 
features, where the roads, fenqes, streams, S^c. are 
numerous, they will almost determine the ponitioni^ 
and even the form of the hills, and the plm^'tabla 
becomes a mere rest for the arm ; on Buch Qccs^- 
sions, therefore, a copy of the rough plot Is put 
into a sketching case, upon the back of which is ^ 
contrivance to hold it by the corners,, the hilte 
being sketched in as the roads find rivers direct 
us. 

If we have occasion to determine the position 
of a summit or other part of a hill, we are Almost 
certain to find that lines drawn through parti- 
cular objects would intersect each oU^er, near 
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where we standi and a very slight alteration of 
position will find the place exactly : we accord- 
ingly use this method^ and draw the hill as it may 
happen to be with respect to a place so found. 

There are many little undulations in the sides of 
most hills that cannot properly be called features ; 
these should be particularly marked^ as they stamp 
a character upon them. Indeed^ if the figures of 
hills are ever destined to be digested into a clas- 
sification depending upon their external formj every 
lineament should be carefully noticed. 

The junction of under featureSj^ and attaching 
them properly to the larger ones^ is commonly 
difficult for beginners, Nothing can give a better 
idea of it than the stone before mentioned^ if it is 
sufficiently irregular to present knobs almost de-* 
tached from each other^ which in some measure 
resemble those appendages to a natural hill. 

When the manner of applying the lines is well 
understood from the models the horizontal system 
of sketching is really nothing more than tbq 
shading which is used in pencilled landscapes^ 
applied around curves^ instead of being in Ijnea 
always parallel to each other. The intensity of 
shade is formed absolutely in the same way by 
darker strokes, or by crossing those already drawn 
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with a small degree of obliquity ; and the vertical 
system is exactly the converse of it, the touches 
being always perpendicular to a tangent to those 
curve lines, let the curve be whatever it may. 

Little more can be said upon sketching : prac- 
tice alone will enable a person to do it, and he 
will soon become expert, if he will but draw what 
he sees, taking nature as he finds her, copying 
closely the peculiar character of cliffs, as well as 
hills, and taking nothing for granted. He may 
be forgiven a little stiffness of expression at first, 
for by practice he will acquire a certainty of eye 
and hand, and freedom will inevitably follow. 

The ground now being all dmwn, and every- 
thing done which had been left out in the survey, 
there remains yet to trace the sketch upon the 
plan, and, as before said, it may be illuminated 
vertically or obliquely as may be thought proper. 

The hills should be sketched lightly but care- 
fully on the fair plan, for much evidently depends 
upon this : it would be fruitless to employ so much 
care in the field, if we did not follow it up to the 
last. 

A light tint of Indian ink is to be distributed 
freely along the tops and most elevated parts of 
those hills, which are the origin of the under 
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features^ and softened down into the ravines with 
a brush and water^ then upon the next series 
of levels, and so on until the last under-feature 
has been shaded; whatever parts still want 
strength are again to be similarly shaded, begin- 
ning a little below the first tint, and thus until it 
is finished. If the ground or any part of it is irre- 
gular or rocky^ a rougher shading must be disposed 
upon it^ as^ to the judgment of the draughtsman^ 
may seem to convey the best idea of such local 
circumstances. It has been usual to finish draw- 
ings by vertical or horizontal touches, after they 
have been sufficiently shaded^ in order to give them 
spirit, or shew the direction of the slope ; for one 
or the other of these reasons is occasionally given 
— with us it is a questionable matter whether it is 
necessary to retain either of these methods. 

A drawing with the smoothest shading will cer- 
tainly want spirit, but this tameness belongs to the 
subject, and false ideas are conveyed by intro- 
ducing rough shading where it evidently ought not 
to be. There is a certain freedom of touch and 
harmony of shade which will describe smooth 
ground perfectly ; in this case, the shades must 
be increased by less increments than in the bolder 
subjects. The student will do well to use only 
such vertical touches as he finds necessary to shew 
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the marks of torrents upon the dopes of mountains 
where he finds them ; and only such horizontal 
touches as describe correctly the rugged steps by 
which other hills or mountains are characterized. 
This is, indeed^ drawing from nature, and neces* 
sarily preferable to either horizontal or vertical 
touches^ used merely for effect ; aooordingly^ it is 
fast gaining ground^ and long has been, amcmg^t 
those who are not prejudiced in favour of former 
systems. There used to be as much time oon^ 
sumed in disposing of those touches, as in the pre- 
vious shading ; and in the opinion of learners, it 
was a universal remedy for a badly-shaded plan^ 
by which means they were rather retarded than 
benefited by its adoption^ since the shading was 
always of minor importance with them. A Gree 
use of the brush will prepare a surface by leaving 
lighter parts upon any slope of the proper shape ; 
these we convert into stones or other ruggedness 
which it may be desirable to produce. 

If we prefer an oblique light, custom seems to 
require that it should fall upon the horizontal 
plane at an angle of 45*"^ and from the left hand 
corner of the drawing. If none of the acclivities 
measure so great an angle, then it is obvious the 
light will graze them more or less according to 
their steepness* and a full shade capable of firo*- 
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duoing effect can nowhere exist upon such a plan. 
Sinoe^ therefore, this disposition of the light is 
adopted solely for effect^ may it not be reasonable 
to adapt the angle the light makes with the 
horiaon to the nature of the ground to be repre-* 
sented ? 

In this case, it will be always less than the 
greatest angle of slope which faces the opposite 
part of the drawing to that from whence the 
light issues. A flat country^ whose slopes do. not 
exceed 201^, will^ therefore, require the lumipary 
to be elevated about 15°, and in mounteinous dis^ 
tricts it may be teken as high as 40"^. Under 
whatever angle the light is supposed to enter, the 
draughtsman must study well its arrangement^ 
and should be acquainted with the angular ele- 
vation of his principal slopes at least ; the rela-r 
tive value of the inferior ones he may infer from 
local circumstances, and his own observations 
while sketehing. He must begin^ as in the ver- 
tical illumination, to lay pale tints upon all those 
slopes thpit are tunied from the light* These must 
be softened into the ravines and valleys wherever 
the curvature of the surface requires it, leaving 
the slopes, opposed to the light, white. He may 
then work up the slopes a|3 his judgment directs 
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him, considering well how far the light will pre- 
vail over the shade in those hills or features 
which lie nearly in the same direction as itself. 
The study of models is a good method of ac- 
quiring a knowledge in the application of oblique 
light; and although we cannot see hills from over- 
head^ as we are supposed to do in a plan^ yet the 
intelligent draughtsman will collect many valuable 
hints from a careful observation of nature herself 
under all circumstances of illumination. A little 
rugged hillock will frequently towards sunset pro- 
duce such a beautiful illustration of the principles 
of light and shade^ as to an eye accustomed to 
study drawing will be invaluable. 

But there is another consideration to enter into 
— ^the system of oblique light. There are three 
modifications of light upon all natural objects when 
illuminated — the direct, reflected, and the per- 
pendicular : of the first enough has been said ; of 
the second it remains to say that it would intro- 
duce an additional difficulty were it to be em- 
ployed, but of its effect upon the drawing we shall 
now inquire. Wherever any slope opposed to 
the direct light was inclined to the horizon at such 
an angle as to be capable of reflecting it back 
upon an opposite slope, it would diminish the 
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shade upon that opposite slope, and in a coloured 
drawing would produce a warm tone of colour ; 
for the reflected is generally warmer than the 
original or direct light. This could only happen 
in those cases where a slope was more inclined to 
the horizon than the direct lights and then if the 
slope opposed to it was not very near, the reflected 
light would be much weakened before it reached 
it ; still such cases, when they occur, should be 
noticed. The perpendicular light can exert but 
little influence from its weakness, being only those 
rays which are scattered through the atmosphere 
when it is cloudy, or sent down from white clouds 
floating nearly over head ; or, in a cloudless sky, 
it is merely the blue rays from the sky reflected 
back upon the earth, occasioning grey, and, in- 
deed, sometimes even blue shadows, by destroy- 
ing the local colour where those shadows fall : thus 
it could only tinge the tops of mountains of a 
colder colour than the direct light ; but in a draw- 
ing of only one colour this faint blue light should be 
expressed by a very pale shade, as it is customary 
in drawings of one colour, where, being confined 
entirely to light and shade, we have only that 
method of expressing a very faint tint, let the 
colour be what it may. 
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To return to our drawing : it must be observed 
that all these circumstances having* been properly 
attended to> we must next consider the two remain-^ 
mg unshaded parts^ namely the slopes facing the 
light more or less^ and the tops of the hiUs | these 
must now be distinguished from each other^ and 
in doing so we must constantly consider the degree 
of obliquity to the direct lights as produced by 
their inclination to it^ and also to the horizon^ and 
they must be shaded accordingly, the last decided 
touch being given on the sides^ the recesses of 
rocks^ &c. &c. as may be necessary. 
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CHAPTER VII. 

Topographical Minutia, with further Observations on 

Light and Shade. 

Thus far we have only spoken of the roads^ 
streams^ and hills ; but the towns^ villages^ woods^ 
morasses, marshes, and other minutiae are to be 
attended to in proper order. That these things 
might be comprehended in one plate^ and treated 
of by themselves^ we have omitted to mention 
before that the woods^ which were formerly shewn 
by little green dots, when upon the sides of steep 
slopes^ were always productive of confusion^ or, at 
least, indistinctness : for those slopes having been 
already finished, every thing else that could be 
done upon them must have that effect. Now^ in 
order to avoid this, we suppose the trees and 
woods to be seen by visual rays making an angle 
of a few degrees with the perpendicular— they will 
then admit of a disposition at once picturesque 
and according better with the undulations of the 
ground than by the old method^ particularly in a 
plan wholly illuminated by an oblique light (this 
will be better understood by reference to Plate 
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VI.) ; consequently we should arrange these woods 
either by pencilling or penning the outline with 
light ink^ as soon as the hills are sketched, and, in 
shading the parts that fall upon slopes, take care 
to accommodate our shading to the hill so as to 
"preserve its form very perfect; this, however, 
is a little troublesome to learners, particularly 
when they have not previously acquired landscape 
drawing. 

The villages will have been drawn during the 
survey and sketch ; the houses may now be put in 
• red, which is a colour never applied, except faintly, 
until the shading is finished, as it would be dis- 
turbed by the shade or water, and disfigure the 
drawing. The same remark applies to all soft 
colours whatever. When the scale is small, as 
four inches to the mile, they become mere small 
rectangles, and are sometimes distinguished by 
making the brick or stone houses red, and the 
wood or mud tenements black or brown. On 
larger scales they maybe drawn neatly with a steel- 
pen, and after colouring them, finished with a thick 
line on those sides where a shadow would fall, 
when the light is in the left hand upper corner ; 
and when on very large scales, the roofs are drawn, 
instead of the mere rectangular site of the houses. 
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Upon all small scales we are obliged to enlarge 
some objects beyond what the scale will warrant ; 
this remark applies generally, excepting to the 
hills, but on scales greater than twenty inches to 
a mile there is room for every object according to 
its proper magnitude : such distortion should, 
therefore, cease at that point of enlargement, and 
indeed in many cases long before. 

It is a good practice to consider plans on dif- 
ferent scales as objects seen at different distances ; 
it helps us to a mode of generalization, and much 
simplifies the drawing. Thus the rock of Gibraltar 
would admit of being drawn perfectly in character 
on the twenty-inch scale, yet, on the four-inch scale 
its minutiae would be blended together, and the 
rock would be expressed by little more than a 
simple shade. 

By a similar mode of reasoning we admit the 
propriety of extinguishing the minor features of 
ground, and blending them in one general slope 
when we draw on so small a scale as one inch to 
a mile, or less, for then it is impossible to find 
room for many of them. 

We have now gone through the process of 
planning and drawing, according to the prevailing 
methods, and have also given examples of the 

H 



98 6B8ERVATIONS ON [ChIp.VII. 

minuter parts^ raany of which, it must be remarked, 
are always drawn as they would appear in an 
oblique light, although the vertical illumination 
is used for the rest of the drawing. Some obser- 
vations will now follow upon the usual practice. 
It has constantly been found by experience that 
when rocks or mountains^ having pointed or an- 
gular summits, like the roofs of houses, are illu- 
minated vertically, their appearance is gloomy and 
unsatisfactory; they have^ therefore^ been fre- 
quently obliquely illuminated, even when the 
flat country at their bases has been drawn in 
the other manner. In the vertical illumination, 
the tops of hills are always the lightest or un- 
shaded parts ; and when the oblique light has 
been supposed, they have also been left white. 
Now this is a manifest absurdity, because what- 
ever angle of inclination be chosen for the lights 
there must be some slopes among mountains 
opposed to it, which will^ therefore^ receive more 
light than the tops themselves, the maximum 
of light always falling upon that slope which is 
most directly opposed to it, and not necessarily 
upon the tops of ridges. Hence, to bring the tops 
of mountains nearer the eye does not depend so 
much upon having them lighter^ as upon a proper 
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distribution of breadth and intensity of shade^ as 
in nature, and throwing the strongest light upon 
the highest point ; for as aerial perspective does 
not interfere with the measurable dimensions of 
objects, but only blends them together in broad 
masses, or softens them into good keeping, this 
is the proper place to introduce it for giving the 
best possible effect to a plan drawn , according to 
a false technical expression, in ^^ light and shade/' 
or, indeed, to any plan whatever. 

In coloured drawings it is particularly condu- 
cive to beauty and perfection ; for the lower objects 
being more massed together, and more grey in their 
general appearance, detaches them from the upper 
or those nearest the eye, for which all the warmth 
of light and strength of colouring is to be re- 
served. The minutiae, particularly those in the 
low grounds, should in all cases be in such keep- 
ing, as to strength, as not to spoil the masses of 
shade, and thereby take from the apparent height 
of the hills. 

In mountainous districts, where the profile is 
angular, the vertical illumination compels us to 
give a certain space to the tops, otherwise the two 
sloping sides, or rather their corresponding shades, 
meeting at the top, destroy the very light upon 
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nhkli^ by being si^^Kvted by shaMle oq both 
sides^ those smnnihs should come nearer to the 
eye^ or rise from the paper. Hence a white str^ 
or a fight one being left to represent the ti^ is 
qoite oot of keeping with the rest ; and ihe same 
tiling happens with pointed summits : dus is the 
reason why the oUiqoe fight is preferred, and, 
indeed, afanost forced npon as in socfa eases. 

It might seem, from what has been said, that 
the obfiqae fight would be pr^erred, and so it 
would but for its sujqposed amlNguity. It is easy, 
when depth of shade stands for steepness, to dis- 
tinguish at a glance the rdative value of slcqpes ; 
and it perhaps requires little more consideration, in 
some cases, to distinguish the same in the obUque 
illumination. Since it must, however, be omfessed 
that no practicable method has been devised 
whereby the exact angles of slopes can be inferred 
from their proportion of shade, but barely their 
relative inclination *, (unless we lose sight of the 
true natural forms in our drawings, in order to gain 
that supposed advantage^) — we can, therefore, only 
find one really vaUd objection to obUque illumina- 

* Even this we have shewn requires more attention than 
it is possible to devote to it, and as, from their very na- 
ture, they defy all such attempts. 
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tion, and that is^ its difficulty of execution. But 
whenever the nature of ground shall have been 
shewn in a tolerably perfect classification^ and 
each distinction strongly marked in a well-ar- 
ranged set of drawings or models, the difficult 
ties of reading it, as it . is called, will cease ; 
and, like all other arts, when sufficient improve- 
ments have been effected, it will be well under- 
stood by all those whom interest or inclination 
shall lead them to this branch of study. 

We do not think it necessary to give particular 
directions for surveying woods, rivers, harbours, 
fortifications, towns, &c., because these are only 
particular applications of the general rules we 
have laid down : every thing can be done by 
bearing and distance, aided by intersections to 
the inaccessible objects as checks upon the opera- 
tions. Thus, while surveying one bank of a river 
by bearing, distance, and offsets, we intersect ob- 
jects upon the opposite bank, — Klines between which 
may afterwards be drawn, and surveyed in the 
usual manner. 

In level countries surveys may be carried on by 
the chain alone. To make this understood, we 
have only to refer to Plate II., Jig. 2, in which, iif 
diagonal lines had been actually measured^ so as 
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to detennine the three sides of every triangle that 
can be formed within the lines measured around 
the fields, we can evidently lay them down with- 
out having the angles ; and passing into the ad- 
joining fields from one convenient station^ we do 
the same thing again, and close upon another 
former station. Thus we do small surveys with a 
chain and a little additional measurement; but 
when they amount to some thousands of acres^ the 
principle of subdividing errors must be applied. 
We then measure some of the longest lines pos- 
sible^ cutting through hedges and every opposing 
object, and form large triangles^ noting every 
thing, and taking offsets. These may either be 
subdivided into smaller triangles^ until every field 
is determined, or we may fill them in, a few fields 
at a time^ which will be proved by their fitting the 
longer lines first measured. This method is fre- 
quently productive of difficulties in hilly or woody 
countries ; and in towns and some other places 
fails altogether. It will be found generally pre- 
ferable in chain-surveying to draw a rough sketchy 
and place the dimensions in their proper order^ 
though some persons prefer a field-book. 
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CHAPTER I. 

Introductory Observations; and Division of 

Military Sketches. 

The foregoing sheets have been entirely devoted 
to the practice of local surveying and sketching, 
which, for the most part, is expected to be very 
accurate. In estates, where the vs^lue of land is 
one of the principal objects of a survey, the con- 
tent cannot be too carefully ascertained; and in 
filling up the triangles of a trigonometrical sur- 
vey, although not quite so much attention is re- 
quired, because miany small things cannot be 
noticed in it, yet, as the best instruments, much 
time, and large sums of money are employed and 
expended, the angles and distances must receive 
a great share of attention ; every feature that the 
scale will admit must be preserved, and much skill 
be exercised in putting the whole together, or the 
great sums necessarily expended upon it will be 
wasted, and discredit to the persons employed will 
lie the inevitable result. 
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A survey of large extent absolutely requires 
that a base or bases should be measured with the 
utmost care^ and that series of triangles should 
extend from it in every direction, so that the whole 
country is covered with them> and therefore the 
situation of every remarkable object determined 
with the utmost possible accuracy ; then the filling 
in is to be done, as shewn in the instructions for 
surveying, the triangles first laid down becoming 
a test of its accuracy. 

It will be remembered thai the roads, rivers, 
&c. are surveyed by bearing and distance : hence 
their correctness, both as to length and also their 
true serpentine form, when proper care has been 
taken : this is the method in very extensive works, 
as kingdoms, provinces, &c. 

In smaller surveys, not exceeding ten or fifteen 
square miles, if we carefully survey the boundary 
first, and then the interior roads, occasionally inter- 
secting some remarkable object by way of check, 
no base will be necessary, for the whole is a con- 
tinued series of bases of various lengths ; and ex- 
perience shews that we may safely rely upon the 
theodolite and chain in such small pieces. It is 
when great length of roads, rivers, &c. are thus 
surveyed, that we need the establishment of cer- 
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tain points by means of triangles, in order that we 
may be assured of an inaccuracy when it occurs, 
and how to correct it, by adhering to those points ; 
exactly upon the same principle as a mariner cor-' 
rects his course , by obtaining his latitude and 
longitude as often as possible. 

In military sketching it is somewhat different : 
the instruments must be portable, and therefore 
small, the time frequently very limited, and the 
sums expended upon it much smaller than on the 
first-mentioned surveys. Its objects, and the cir- 
cumstances under which it is performed, being 
thus so different from the more operose surveying, 
the shortest, easiest, and most certain methods of 
practice will ever be entitled to the greatest at- 
tention. 

Despatch and simplicity of execution are the 
great things to be aimed at in a military sketch ; 
and although the greatest possible accuracy may 
not be absolutely necessary, yet this circumstance 
should not become a cloak for glaring errors : for 
it must be remembered that these sketches are 
often the most authentic sources of information we 
possess as to the topography of distant countries ; 
and if they are very defective, there is only one 
thing in their favour, namely, that when still fur- 



106 MIUTARY SKETCHES* [Chap. I. 

ther reduced into geographical maps the errors 
are considerably diminished. The errors to which 
we at present allude are» first, the general outline 
being incorrect, because distant points have not 
been fixed from lines of sufficient length, or by 
using very imperfect instruments; secondly, that 
the hills or mountains, not being drawn with a 
proper regard to their r^al form or steepness, they 
cannot be properly connected when the separate 
portions of a large work are to be blended toge- 
ther in one general map. 

It may be convenient to separate military 
sketches into two divisions : first, the rapid sketch 
of a position in advance, or of a battle immediately 
after it is fought, to be sent with the despatches, 
or of a line of route, &c. &c. These may be done 
secretly, with but Uttle assistance from instruments, 
sometimes without any ; and as they ^are to serve 
only a transient purpose, much latitude must be 
allowed to those who perform such service. 
Secondly, such sketches, or rather surveys, as 
may be undertaken by officers at periods of 
greater leisure ; yet not admitting of a numerous 
party, with elaborate instruments being employed 
upon them, and also frequently requiring some 
degree of secrecy. 
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From the 6rst division of military sketches we 
Cannot expect much : when they have served their 
original purpose, their imperfect execution ex- 
cludes the further use of them when any thing 
better can be found. It is to the second division 
that the most importance will always be attached : 
it is a collection of these that will ever be consi- 
dered valuable in a military and geographical, 
perhaps we may say, also, a geological, point of 
view, and therefore the errors before mentioned 
should be avoided as much as possible. 

The principles of miUtary sketching cannot 
differ essentially from those of surveying ; they 
both consist in determining the sides and angles 
of real or imaginary figures upon the surface of 
the earth : these are always resolvable into tri- 
angles, by means of which we lay down these 
figures upon paper to any required scale. But 
the practice differs very considerably ; and it is for 
this reason that they are called sketches rather 
than surveys, because so much of them is usually 
done by the eye, instead of bein^ a continued 
series of angles and measured lines, as in the more 
elaborate surveys. The practice of drawing the 
hills in the field, or the drawing-room, differs only 
in a more hasty manner being adopted, partly for 
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the sake of despatch, and partly because having 
been more hastily sketched they are probably less 
correct than in a survey where despatch was not 
so indispensable. 

As, in surveying large tracts of country, large 
triangles must be first formed, with great care, to 
find the true relative situation of distant objects, 
and these again subdivided into smaller ones, until 
there is no longer any fear of the errors of mere 
surveying accumulating too far before they are 
checked by reference to those points, — so in mili- 
tary sketching, when a tract of country is to be 
drawn, containing ten square miles or more, a 
similar proceeding cannot be safely dispensed 
with ; for nothing can ensure a proper degree of 
accuracy but a triangulation of some kind. 

It cannot, therefore, be too strongly recom- 
mended to persons employed on this service, to 
pay great attention to these points; and it is 
hoped the description we shall shortly give of the 
instruments generally employed, and the methods 
of using them, will merit the attention of those 
students whose future time may sometimes be 
paiiJy spent in this branch of military duty. It 
may not be improper to mention, in this place, 
that it is usual to consider all military plans what- 
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ever as made up of two component parts, one of 
which is called ground, and comprehends the va- 
riety of surface only : the other^ called detail, 
embraces roads, rivers, cities, towns, villages, 
marshes, woods, fords, bridges, and every other 
minutia, the existence of which can be essential 
in a military point of view. We have adhered 
to this distinction in this place, although not in 
surveying, because it is the practice, in some cases, 
to express by certain characters the various ob- 
jects constituting the details of a plan, and where 
no time can be spared for drawing them as they 
really are : while, in surveys, every house, or clus- 
ter of houses, &c. &c. will always be drawn as 
they happen to stand ; every road, with hedge or 
other fence, will be shewn by two lines ; and when 
passing over a common or otherwise, and not 
bounded by fences, it will be shewn by two dotted 
lines, the line always shewing a defined boundary, 
and \he dotted line one that is not defined: 
whereas, in military sketches, a few houses, with- 
out reference to their precise disposition, or a 
single spot, denotes a village ; a single line will be 
a bye- road ; a double line a post-road ; a dotted 
line a foot-path ; a circle, with small teeth, a water- 
mill, and so on, as in Plate III. We shall not 
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discuss the advantage of retaining these charac- 
ters, as a four-inch scale is abundantly sufficient 
for every important object to be drawn as it is in 
nature^ except beings as before said^ somewhat 
larger ; • but in geographical maps, or any others 
on a small scale, which precludes the possibility 
of doing without them, or in very hasty sketches^ 
they are certainly indispensable. 

Many instruments have been contrived for mili- 
tary sketchings each of which has some advs^ntage 
peculiar to itself; but the only ones we shall 
mention are^ the surveying compass^ Sir H. Doug- 
las's reflecting semicircle, the pocket sextant, 
and the plane-table, which, as we have simplified 
it in the foregoing description, is a capital military 
instrument, when used for the second division of 
military sketches. 

To these must be added a case of leather to hold 
the sketches, and an ivory protractor to lay down 
the angles which are taken by the cotnpass, and 
also the distances; these are contained in the 
sketching case, with a pencil. The sketches are 
drawn upon paper or asses' skin ; the latter hsls, 
perhaps, some advantage over paper from its not 
imbibing the moisture of the atmosphere, and, 
therefore preserving greater uniformity in the 
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strength of the black-lead pencil : still, as no two 
pencils are exactly alike in texture, when one is 
exhausted, another may not match the work done 
by the first, and the diflFerence is not greater than 
what arises from the unequal degree of moisture 
imbibed by the paper in different states of the at^ 
mosphere. The skin is also very expensive: 
hence, when the sketch is transferred to paper, 
it is rubbed out to make room for another, and the 
original sketch is then lost altogether. Upon the 
whole, and considering the advantage of pre^ 
serving original sketches, paper mounted upon 
cloth should be preferred when these instruments 
are used. 

THE SURVEYING COMPASS. 

{Plate IF. fig.l.) 

This instrument has an advantage over all 
other compasses. It is a complete azimuth 
compass, contained in a box about three inches 
in diameter, and now generally mounted on 
legs, which gives it a decided advantage over 
those that are held in the hand ; it is furnished 
with a plain sight, and a prismatic lens, which 
slides in a dovetail groove to adjust it to 
distinct vision. When the wire of the plain 
sight is placed upon a distant object, a re- 
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fleeted image of the compass-divisions is likewise 
seen through the lens, and the wire both bisects 
the distant object and marks the bearing upon the 
limb^ which is numbered from .0® to 360°, The 
difference between any two bearings is evidently 
the required angle between two objects. The con- 
struction of this instrument will be easily under- 
stood by reference to the Plate. 

An angle may be read to about 15' by estima- 
tion, when the compass is not shaken by the wind ; 
when that is the case, it is usual to observe the 
distance any division vibrates on each side of the 
wire^ and take the mean. It is easy to see that 
this is only a theodolite in miniature, and that the 
angle cannot be depended upon for very accurate 
work ; it is, neverthelisss^ a useful military instru- 
ment where extreme nicety is not required. 

THE REFLECTING SEMI-CIRCLE. 

{Plate IF. fig, 2.) 

To combine as many advantages as possible in 
the same instrument^ Sir H. Douglas invented, 
some years since, a kind of sextant, by which 
an angle may be both taken and protracted 
at the same time. It is a semi- circle of brass, 
furnished with an index mirror, and also an hori- 
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zon-glass, like other reflecting instruments ; and 
as the angle taken by these instruments is always 
double the real angle^ he has placed the index* 
glass upon the extremity of a diameter^ and not 
at the centre : by this means the observed angle 
is reduced to the true angle, and is protracted in 
the usual manner by a projecting radius of the 
semicircle, which moves around it as the index- 
glass is adjusted to the object. 

This instrument is more to be depended upon 
than any compass: for it reads to one or two 
minutes, and is not subject to the inconvenience of 
shaking, as a compass must be when held by the 
hand; but the angles taken in planes oblique to' 
the horizon require either a reduction or the use of 
an artifice, which will be given further on, after 
describing the sextant to which it equally applies. 
Fig- 2 is a representation of the reflecting semi- 
circle. The index error, common to all reflecting 
instruments^ may be removed by adjustment ; the 
angles will then be true, provided the objects are 
not nearer than 100 yards: in this case, the 
parallax, . also common to all reflecting instru- 
ments, will be sensible ; it may amount to a few 
minutes if the object is near. In the sextant, this 

parallax is always read upon the arc of excess, 

I 
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which precedes the zero, and may be, therirfore^ 
found and subtracted from the observed aogle^: 
because it places the zaro, with re$pect to the 
aeare^ object, beyond the true zero ; but in the 
semicircle we are now describing, it c^inai be 
found, — ^for the instrument is at zero when quite 
shut, and therefore has uo arc of excess. 



THE POCKET SEXTANT. 
{Plate IF. fig, 3.) 

This useful little instrument di&rs from the 

common sextants in being smaller, and faaviag its 

mirrors contained in a box of about the same i^ze 

as the compass before mentioned ; it is very cor** 

rect, and has the advantage of a rack and- pinion 

motion for its adjustment, nor can it be put out 

pf order without violence, its parts being so weU 

protected by the box : it is also funushed with 

a small telescope, which sUdes into the box ; 

this may be renioved, if the observer is satisfied 

with the plain sight. Being also furnished with 

dark glasses and the necessary adjustments, it 

may consequently be used for every purpose td 

which a reflecting instrument can be applied. 

Even the latitude can be ibund by a single obser-; 
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vation of meridian altitude within a minute^ and 
the longitude near enough to be a valuable ap- 
proximation in places but little known. By a 
mean of twenty observatidns on the sun and seve- 
ral stars^ the latitude has been found withia 25' j 
when the instrument read to half-minutes. 
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CHAPTER 11.. 

Taking Angles with Military Instruments, and re* 
ducing then} to horizontal Plane instrumentally. 

The angle between two objects is taken by either 
of the reflecting instruments in the following man- 
ner : — ^The observer looks at the left-hand object 
through the telescope^ or plain sight, and by the 
rack- work of the sextant, or merely separating the 
projecting index of the reflecting semicircle from 
the part it touches when shut up. He moves the 
index until the required object is brought by 
reflexion from the index-glass, upon or in contact 
with that seen by direct vision> and the angle is 
read off upon the limb, or protracted, as the case 
may be, or either instrument be used. If it be 
an angle of elevation, the elevated object is 
brought down to the horizon, or to its image seen 
in a basin of water or mercury, and in the latter 
case half the observed angle is the true elevation, 
because the image seen in the basin is as much 
below the horizon as the real one is above it. 
The plane-table has been before described. 
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Now^ either of these instruments will enable us to 
produce a military plan. As far as mere angles 
are concerned^ the semi-circle and sextant are 
evidently most correct, but both require that the 
angles taken in oblique planes should be reduced 
to true horizontal angles ; and this cannot be done 
without knowing the angular elevations and de- 
pressions, which when small are not appreciable 
by reflecting instruments : thus, we must have 
recourse to artifice to accomplish what falls without 
the reach of our instrument by the legitimate 
means. We shall premise that the compass 
cannot take an angle nearer thap about \5\ inde- 
pendent of its errors of centering, and others 
arising out of its construction ; but we shall show 
how, in most cases, the errors of the other instru- 
ments which happen when objects are in planes 
oblique to the horizon may be reduced far below 
that quantity and often made to vanish entirely. 

We shall suppose (Plate L, fig. 5) that A is an 
object 4** above the horizon, B is 2' below it, and 
C also r below ; the angular distances from one 
object to another, in the oblique planes, being 
AC=110'' and AB 20°, as in the figure fol- 
lowing : — 

In this diagram, let the line H O represents the 
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. ■ • ■ 

horizon ; Z A^ Z B^ Z C^^ the distances of the ob: 
jects from the observer's zenith. Now in A Z B 
and A Z C there will be given the three sides to 
find the angles at the zenith^ which are measured 
upon the horizon^ and are the true hcnizontal 
angles. These angles being calculated will shew 
that if^ instead of taking A B as given by the in- 
strument^ we take the difference betweeij AC 
and A B, we shall get the horizontal angle very 
nearly: — 

Deg. Min. Sec. 

The true horizontal angle hetween A andC .'109 68 46.8 
The angular distance measured by sextant • 110 

Difference too much by instrument • 1 13.2 

The true horizontal angle between A and B • 19 5 25.6 
The angular distance measured by sextant • 20 

Difference too much by instrument • 54 34.4 

The true horizontal angle between B and C • 90 53 21.2 
The angular dist., as would be taken by sext . 90 51 30 
NJB. 13y calculation it is 90° 51' 30". 7, which 
would read 30'^ 

Diflerence too little by instrument « 1 51 . 2 

Dqr. Min. Sm. Deg. Bfin. Sec. 

Hence, AC by instru- Tnieborizont. angle by 
. ment.... 110 calculation 109 58 46.8 

B C by ditto. . 90 51 30 Ditto, ditto 90 53 21.2 

II III — ^— - . ] - 

A B by ditto.. 19 8 30 Ditto, ditto 19 6 25.6 

A^bycalc.. 19 5 25.6 

DtfiRBreDce between cid- 

culatioh a»d meas'. . 3 4.4 

.From the preceding statement, we learn that in 
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realljT \iAng the singles taken in the oblique planeSj 
there would be an eiror of 54! 34^^4 in the an* 
gnlar distance between A and B, which^ by taking 
the difference between A C and A B^ a9 actually 
measured, we reduce to 3' 4'^4. We shall now 
take another case, where A is 1° above, B 1^ 
below, and C 1° above the horizon; AB, by 
measurement, 32**, and A C 97® : — 

Def. Min. Bee. 

1h€ true horizontal angle between A andC • 97 1 11 
The ang^ular distance measured by sextant . 97 

DifiTerence too little by sextant • .01 11 

^e true horizontal angle between A and B . 31 56 2Q.($ 
The angular distance measured by sextant • 32 Q 

Difference too much by sextant * • 3 39 . 4 

The true horizontal angle between B and C • 65 4 50.4 
The angular dist., as would be meas. by sext. , 65 4 
N.B. By calculation 65*^ 4' 11". 4, but the 
11^^ • 4 could not be read on the limb* 

JDifference too little by sextant « » 50.4 

D«ff. MiB. See. Deg. Min. See. 

A C by instrument .... 97 - The true horizont. angle 

by calculation 97 1 II 

BC by ditto 65 4 Ditto, ditto 65 4 50.4 



. m 



ABbyditto 3156 Ditto, ditto SI 54 20.6 

ABbycUculation ..«. 31 56 20.6 

Pifference between cal- 
culation and meas. . . 20.6 

In this last supposition, which is much nearer 
tbe usual practice^ the first being an extreme case. 
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ihe angular distance between A and B^. which 
would err 3' 39" A from the truths is obtained by 
taking the difference between it and A C^ within 
2(y\6 ; the error may, therefore, be considered 
as evanescent, for no instrument in common use^ 
for laying down angles, can do it nearer than 1'. 
In the other angles the difference is also, very 
trifling. Hence, if two objects lie in a plane very 
oblique to the horizon, we must take an object far 
to the right of them, and measure the angle be- 
tween that and each of them, and the difference 
between these two angles will be very nearly the 
true horizontal angle required. In taking angles 
by reflexion, the brighest object is always made 
the reflected one ; and thus, when the brightest is 
to the left hand, we are sometimes obliged to in- 
vert the instrument, or hold the face downwards : 
in this case an inversion of the rule just now given 
must take place, and an object far to the left hand 
must be taken. 

Now an error of 3', in a distance of 12 inches, 
on paper, would only become sensible in very 
acute intersections, which should always be 
avoided as much as possible, or rejected until 
we can confirm them by others less acute; but 
12 inches usually represent from three to six miles 
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upon military plans^ so that by avoiding acute 
angles^ and selecting such objects as appear nearly 
horizontal^ and when we cannot do so, by taking 
the diflFerence between two angles as the true one, 
we may make the reflecting instrument perform 
its office without sensible error in almost every 
case that can possibly occur ; indeed, triangles of 
six or eight miles to the side have been interposed 
between those of a large triangular survey with 
great success, by the means just pointed out. 
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CHAPTER III. 

First Division of Military Sketches. 

Wfi now begin with the first division of military 
fiketches^ properly so called^ as the second may 
be made to vie with surveys, if carefully con- 
ducted ; and a specimen^ with its description^ will 
be introduced in illustration. A sketching case, 
pencil, and scale, alone were used upon this small 
sketch, which might be continued indefinitely, by 
working on each side in succession, as the best 
means of dividing its errors, if that were deemed 
of sufficient consequence. 

One of the most essential things to be acquired, 
is that of judging distances with accuracy. Upon 
this every thing depends in a hasty sketch, where 
instruments are sparingly used or excluded alto- 
gether. It is commonly acquired thus : the value 
of the pace is previously ascertained upon a mea- 
sured distance — a long distance is best, as the 
mean value of a pace can be established upon it 
with greater exactness than on a small one; a 
distance is then judged, and afterwards paced ; 



GiiAv.IlL] MILITARY SKETCHES. 123 

the difference is noted^ and the practice continued 
until the student is competent to trust himself in 
judging distances of considerable length. He is 
now capable of sketching by thb method^ trans-* 
ferriiig the principles and artifices of surveying 
into it as completely as the exclusion or absolute 
want of instruments will admit ; that is to say, 
judging^ or, if he pleases^ pacing his distances, 
and operating exactly as he would do were they 
measured, and his angles also. 

The following description (Plate V., fg. 1) of 
an actual sketch will place this subject in a 
proper point of view. At a the sketch was com- 
menced in the direction of the canal produced^ 
and the canal drawn of an indefinite length ; the 
>vharf^ pond^ and houses at g ; the cottages and 
other objects about a were drawn entirely by 
judging their distances and positions with respect 
to the line a b, which was pac6d^ and the ground 
jdrawn at the proper intervals, judging the dis- 
tance right and left, exactly as in surveying and 
using offsets : then the line c b wa3 drawn as 
nearly true to the proper angle as could be done 
by holding the sketching-case, as a plane-table^ 
with the line ab in its proper position : c b was 
paced^ and tb^ ground put in as upon the former 
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line ; then returning to i, a direction to h, and 
afterwards to c, gave by the same means the 
ground in that direction ; and upon arriving at c, 
the road to the bridge at d was drawn as the other 
lines had been, and the direction of the canal both 
ways joining it to the wharf, pond, &c., producing 
it indefinitely in the other direction^ because it 
runs straight far out of the limits of the sketch. 
The direction of the roads d e, and from c to the 
gravel-pit^ were drawn as near as possible, by 
imitating the use of the plane-table, always put- 
ting in the objects right and left at assumed or 
paced intervals, and occasionally quitting the line 
paced upon, in order to see the ground better. 
Lastly, the direction of the canal from y to g being 
already given, its length was judged, which deter- 
mined the place of the bridge ; and the road from 
/to the gravel-pit being judged at a certain length 
as the other distances had been, this assumed, 
length, with its direction, as ascertained from the 
bridge, afforded some criterion of the accuracy of 
the sketch, analogous to what is called closing, in 
regular surveys. But we do not mean to say that 
closing exactly can be expected in a work of this 
kind, more especially when a person may have 
gone round a considerable circuit ; for in works of 
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this hasty nature it is not necessary, the greatest 
latitude being allowed in such operations. Our 
sketch has been compared with surveys and better 
sketches done by the help of instruments after- 
wards^ and the resemblance is quite sufficient for 
the purposes to which such sketches are applied : 
had it been extended into the adjoining enclosed 
country, the distances and directions of such farm- 
houses, points of hills, &c. &c. as presented them- 
selves, would have been judged exactly in the 
same manner, and the roads drawn from one 
place to another as near as the eye could estimate 
while going over the hills themselves ; and thus a 
rough document may be produced with very little 
trouble, constituting what is called reconnoitring 
or sketching a position in advance. But where the 
features are large and commanding, it is evident 
that a skilful person will much shorten his labour 
by sketching ground at a still greater distance 
from the places where he stands than we have 
done ; and it must be observed that an accurate 
acquaintance with the varieties of hills, from long 
practice, will be eminently serviceable. In this 
manner we may also form what is called a column 
of route, or a line of road of many miles in length, 
judging the bends of the roads and the distances. 
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remarking every object, right and left, within: 
perhaps half a mile^ with the nature of the nrnds, 
bridges, and every thing of military conseqvtetiG^ 
in a suitable report annexed: or we may pass 
from height to height, if the road lies, ^mong 
hills, and draw the road as we go, similar to what 
has been before said, and will again be mentioned, 
when we shew how to make more elaborate 
sketches, freely using such instruments as we cai{ 
command. » 

Before quitting this subject, it may be right to 
inform the student, that in this r^ipid sketchingi 
Sir H. Douglas's semicircle is^ perhaps, the best 
instrument to be used, if an instrument be allowed^ 
because it will determine the places of hous^; &e» 
with great despatch and correctness, thuis leaving 
very little to be done by judging or pacing dis- 
tances : for a large piece may be rapidly sketched^ 
even on horseback, if a single distance is first 
assumed as a base^ and from it several olgects 
fixed, which leaves nothing more to be done thaii 

filling in the sketch by the eye ; but the drcunt- 
stances under which military operations are per- 
formed are so extremely varied, that an oflBcer 
must be left to judge for himself upon the nece^ 
sity for using or rejecting instruments accordiiig 
to them. 
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When a person has been regularly taught to 
make correct plans^ by any of the methods we 
have given, or shall give, he will find that barely 
riding over ground, and examining it with the eye 
of a military man, will be sufficient foi: him to 
describe it roughly upon paper, and that such a 
slcetch as he can produce by this means, espeeialiy 
if aided by a few angles and notes that take very 
little time to obtain, will communicate a very 
competent knowledge of the ground to any other 
officer, for whose use it may be required. It is a 
practice with many persons to obtain, if possible, 
provincial maps, and lay down the ground upon 
enlarged outlines from them ; but unless these 
maps are good, we doubt whether much is gained 
by this proceeding : for equal error will arise by 
hastily enlarging a bad map, as in trusting to the 
eye, occasionally corrected by a few angles— not 
oan such maps always be had. 
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CHAPTER IV. 
Second Division of Military Sketches. 

These must be conducted in a manner exactly the 
reverse of the theodolite survey. It will be in 
vain to expect that pacing and taking bearings by 
a compass, through a winding road of great ex- 
tent, can possibly be true: it may be barely 
trusted to for short distances and in straight roads, 
but not otherwise, for the angles are often uncer- 
tain, and so are the paced distances in many 
cases : we must, therefore, devise a method which 
will obviate these objections ; and while it ensures 
general accuracy, throw all the errors upon those 
parts which are of the least importance. 

We begin by measuring, or, at least, pacing 
a base as long as possible : if paced, it should be 
gone over two or three times, and the mean of 
them taken for the true length. Thei-e are often 
great difficulties in selecting a spot favourable for 
this purpose : it most commonly happens that, 
when a spot has been found, it lies so inconve- 
niently as to make the intersection of distant ob- 
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jects from each end too acute to be irusted to ; 
this inconvenience may be obviated in the follow- 
ing manner. — Suppose the base AB (Plate I.^ 
fig. 6) to have been measured, and that E is an 
object so conspicuous as to be of consequence in 
the sketch. The acute intersection A E B cannot 
be depended upon ; but if two objects C and D are 
selected and fixed with great care from A and B, 
and then checked by taking the angles ADC and 
C DB, or A C D and D C B^ their places may be 
considered as certain ; and from C D^ as an en-» 
larged base^ the place of E may be more accu- 
rately determined. This has been done on large 
trigonometrical surveys; and when of so much- 
importance^ four values of C D can be had by cal- 
culation^ the mean of which will be very exact ; 
but in military sketches it is enough to determine 
the places of C and D by three intersections pass- 
ing through the same point. Other methods may 
also be practised for securing the same advan- 
tage: thus CD (Plate I., fig* 7) may be deter- 
mined from A and B, and being proved from C 
or D, will present an enlarged base more conve- 
niently situated to fix other points, than the ori- 
ginal baseAB; indeed three bases will then be 
formed, B D^ DC and C B. Many other varieties 

K 
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of this method will readily occur to the observer, 
according to the nature of the ground* and he will 
of course decide for himself. 

Now, from pomts thus fixed with much care, other 
objects may be determined^ always, if possible, in 
the larger triangles, having three line9 passing 
through the same point, and the vforY will be 
more correct than when we determine too many 
from the ori^nal base, as in Plate I. Jig. 8, a 
practice much to be avoided ; for the errors occa** 
sioned by so many acqte intersections at t^ie com* 
mencement, if they are not checked propprly fropa 
pnp another, or others better situated for that pur- 
pose, will ipfalUbly derange the whole work. It 
must be laid down as a principle that the most 
conspicuous objects are to be inost correctly 
placed, and the ininor points derived from them ; 
by this means we command the greatest pos^ 
sible accuracy, and throw all the errors upon 
those parts where they can be propagated no 
farther. 

It is a good method to take as many angles a3 
possible, at each station, and make our selection of 
the greater triangles afterwards, unless, from a 
previous knowledge of the country, that has been 
already arranged ; and it will generally happen 
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that we can see the interior pf ^ triangle from at 
least two of the sides which enclose it^ if not^ the 
points therein must l)e filled from any oth(?r side 
of any adjoining triangle where they cs^n be seen, 
as ^s^\\ gide of a great triangle becqmes a base 
for fixing interior points. 

The triangles are generally laid down by a pro- 
tractor, in military sketches ; bwt ^f^ we suppose, 
in this division, that time and instrunoents are 
allowed, and as we can produce a sketch little 
short of a real survey in point of accuracy, we 
have no hesitation in recommending that those 
triangles, which may have sides of one or two 
feet in length upon paper, or from three to ix 
miles in length upon the four-inch scale, should 
be calculated and laid down by the length of the 
sides themselves. This is our own practice, be- 
cause we know that when these lines exceed six 
inches, let the scale be what it may, they will 
become very liable to error if continued too far 
by a protractor ; and hence, if only a few of the 
greater triangles are calculated and so laid doym, 
we are assured of their accuracy, and also pf the 
interior points when laid down by a protractor. 

The method about to be described depends so 
much upon the correctness of the triangles, that 

K 2 
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they must be managed with the most scrupulous 
attention. 

The instruments chosen for finishing the sketch 
after the triangulation is finished, will be either 
the plane-table^ or the sketching-case and skins, 
aided by the surveying compass; ; for the triangles 
themselves may be formed by the sextant or re- 
flecting semicircle at the option of the person 
employed. 

Of the first-mentioned instrument^ which is far 
the best for expedition and accuracy^ we can say 
but little^ as it would be almost a repetition of 
what has been before taught under the article 
Surveying. What remains^ is common to it and 
the sketching-case^ only with the diflFerence arising 
from the method of mere sketching, as it respects 
the plane-table, and the diflFerence of laying down 
the work when we use the sketching-case and skins. 

Having determined as many points as may be 
deemed necessary, some of which should fall with- 
out the limits of the sketch, and will be productive 
of great advantage while sketching near its boun- 
daries, as well as when joining it to others, — we 
must prick them down from the paper they have 
been constructed upon, to the skin we propose to 
use, and mark their names. Now we go to one 
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of those points and take the bearing of some other, 
the more distant the better ; and, connecting the 
two points in question, we, by means of this bear- 
ing, lay down a line representing the magnetic 
meridian of that particular compass employed, for 
they generally diflfer a little in different instru- 
ments, and also many others at about an inch 
apart : we are now in condition to begin our sketch 
in the manner following. 

Before we quit the place, if any ground, road, or 
other object necessary to be noticed, is either there 
or near it, we draw it on the spot, and then, 
always keeping upon the highest ground, find our 
place by taking the bearing of any two or three 
objects forming the points of our triangles, and 
laying down those bearings from the objects to- 
wards ourselves. We thus ascertain our place 
correctly if these lines meet, as they will when good 
instruments and care are used. This practice is 
common to this method, and that by the plane- 
table ; but the latter instrument does it more 
quickly and more correctly, being less liable to 
error than laying down bearings by a protractor 
when taken by a compass, thus including the error 
of both these instruments. The place being found. 
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we proceed as before to draw the contour of the 
ground, &c. ; and supposing a road^ house^ stream, 
&c. to be near, we take a bearing to some point 
upon it, and pacing the distance, examine the 
object and mark this point, sometimes taking also 
a bearing both ways frotn that place, in the case 
of streams or roads, and drawing either as far as 
we bail twst ourselves while upon the spot. 
Again finding our place upon some adjoining 
feature or height, arid doing the satne, we join it 
to what wais last done by the eye, occasionally as- 
sisted by the instruments ; and by continually keep- 
ing upon the high ground, where vre can see fixed 
points within a mile or two, we find our places ; and 
ft'om the places thus determined, other points in 
roads, &c, are foUhd, aiid the intermediate bends 
drawh by the eye on the spot ; thus ensuring gene- 
ral, and also particular accuracy if we please, by a 
continual subdivision of errors : we also avoid the 
fatigue and inaccuracy of pacing over unfavourable 
ground, and save much time by not actually going 
through the roads as in surveying. But many other 
things are dotie as we go on : for exainple, at the 
places thus constantly found, we intersect houses 
and other objects, but particularly houses, beeause 
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they are always upon or near a road, and, therefore, 
determine a point of some value in drawing in those 
roads ; and in passing by woods or commons, we 
always do as much of their boundaries as we can 
see from that particular spot ; and also, if in pass- 
ing, . we are in line with any boundary or road of 
considerable length, and nearly straight, although 
at a mile or more distance, we find our place, and ' 
take a bearing in the direction of its length, and 
thus prepare the distant parts of our sketch before 
we actually come to work upon them. The diflFer- 
ence between sketching aiid surveying, which was 
said to be exactly reversed, will now be evident : 
for, in the former, we derive the roads, &c. from 
the hills ; while, in the latter, the hills are derived 
from the roads, &c. The military officer has 
more to do with the hills than the roads : if the 
latter are not perfectly true as to their fl'exure, so 
that the former are well connected and expressed, 
the plan will lose nothing in the estimation of the 
general, who should nevertheless know exactly 
the state of the roads with respect to breadth aiid 
goodness, and the streams as to practicability in 
fording, their bridges, mills, &e. ; but the ground 
is indispensable, and so are the general dimen- 
sions of wastea or places fit for encampments, as 
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well as woods and the nature of their trees^ whe- 
ther timber, of what kind, what underwood, and, 
in enclosed countries, the nature of the timber in 
the hedges, &c. ; but these things more properly 
belong to the written reports that should in all 
cases accompany plans made for military or poll' 
tical puiposes. 

We must now observe that there will sometimes 
occur cases, in which^ from a paucity of points, or 
when from being entangled in small ravines or 
otherwise, ra^ny will disappear, we ar^ obliged to 
have recourse to pacing, no other method being 
practicable ; but this does not invalidate the sys- 
tem ; for filling in small intervening spaces becomes 
at length so familiar to practised persons, as to 
present no great difficulty in any case whatever. 
To avoid this inconvenience, we always sketch 
around the difficult places^ and by invariably di- 
minishing the space, circumstances will always 
en9,ble us to fill it in by mere reconnoitring ; and 
besides, we constantly determine, by intersection, 
the places of many objects in the parts that appear 
likely to produce this difficulty, and thus often 
avoid it altogether. 

Tliere is also another case, namely, a flat en- 
closed country, where we must pace and take 
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bearings, unless we can regularly survey it^ for 
it is obviously impossible to fix points, or find 
places, if they were fixed — but this will not often 
happen ; and with respect to extensive forests^ it 
is well known and universally acknowledged, that 
there is no other way of sketching a country so 

■ 

circumstanced, than by examining its parts at 
such convenient distances as may present them- 
selves, and sketching the mountains by studying 
the nature of the ground, and its analogy with 
surrounding features, or those we have seen simi- 
lar in other countries. 

It is evident that much must be done by the eye 
alone in military sketching. The greatest advan- 
tage is to be derived from the accurate use of 
that organ ; and whenever it saves an instru- 
mental operation we must by no means neglect it. 

The nature of roads may, in great measure, 
be inferredvfrom the surrounding soil ; for, what- 
ever may be its component parts, they will influ- 
ence the state of the roads materially, which, for 
the most part, are composed of materials near at 
hand : this is one advantage of knowing, from 
the configuration of hills and mountains, their 
probable, we may almost say certain, composi- 
tion. But that nothing may be left to conjecture 
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in a case of such importance as the march of 
armies^ this subject should always be included in 
the written report. 

When a plane-table is used for these sketches, 
the plan of operation differs in nothing but in the 
method of laying down the bearings, as before de- 
scribed under the article Surveying, the points 
being pricked down on paper mounted on the 
table ; and the degree at which the needle stands 
when two of the points are in line with the ori- 
ginal points upon the ground, being marked, as 
3° S. W., or whatever it may be, will always Serve 
to plice it parallel to its fit^t position, ahd then 
the proceeding is exactly as before detailed. When 
one sheet is filled, we prick down the border of it, 
which it is proposed to extend, and a fevt^ more 
points in that direction, and then determining 
the position of the needle, proceed as before : the 
very same thittg must also be done in using the 
skins. 

We may now observe, that the difference be- 
tween the accuracy of the plane-table and the 
other instruments consists chiefly in this: — ^The 
plane-table is always adjusted to the same degree 
or part of a degree, and therefore, whether the 
oompass-card is well divided and centered, or not. 
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we are Sure of being right, if the table is very 
nearly horizontal ; also the angle or bearing being 
drawn by the side of the rule, is only affected by 
the small parallax of the instrutaent, which we 
have before shewn to be generally Insensible. 
But the card of the surveying cotnpass may be aiid 
often is both badly divided and centered ; there- 
fore^ as we take angles on every part of its limb^ 
these angles or bearings must constantly vary a 
little from the truth; but a still worse source of 
error remains, connected with the ivory protractor, 
and the Use of it in the field, — this instrument 
being seldom accurately divided. The skiri not 
laying quite flat, and the Unsteadiness of the cas6 
when held on the knee, or on the ground, also 
present great difficulties to laying down lines with 
exactness: hence some officers are incumbered 
with a camp-stool to sit upon, or to support their 
case, when performing this operation ; and it is 
obvious how much time is thus lost, and with 
what uncertainty the work is performed. 

Plate v., fig 2, is a specimen of sketching by 
this method, in a country partly open and partly 
enclosed with thick hedges and large timber trees, 
from the points laid down from sextant observa^ 
tions as before detailed : there have not been one 
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thousand paces employed on the whole of it^ and 
in a continuation of the same sketch much was 
done without a single pace. TThe objects employed 
for determining the places were many of them one 
or two miles distant ; and although the compass* 
needle does not exceed two inches in lengthy yet no 
difficulty occurred in finding those places correctly, 
nor in seeing the points while on the high ground, 
as should always be particularly attended to. 

Connected with this system of sketching, and 
indeed every triangulation whatever^ we must ob- 
serve, that great difficulties in fixing points will 
occur without management: some practical in- 
structions will now be given how to avoid them. 

The most elevated points can always be seen 
almost every where^ but we want many more 
amongst the lower chains of hills, and conse- 
quently in valleys of difficult access to the sight. 

Now we find that while determining points tri- 
gonometrically upon the inferior ridges, we can also 
see up the opposite ravines, or the opposite side of 
an intervening ravine ; and when upon that opposite 
side, we can easily do the same by the hill we have 
left, and thus are able to determine numerous ob- 
jects, by which we find our place, when sketching 
from the points on the opposite side of a valley ; 
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and this illustrates a position we have before ad- 
vanced, namely, that it is better always to fix 
points out of the boundary of our sketch. To this 
may also be added, that it is frequently found im- 
possible to measure a base, or form triangles upon 
the piece of ground to be sketched ; and, therefore, 
both must be done upon some adjoining part more 
favourable to these operations : or else we must 
survey the whole by pacing and taking bearings 
without any other checks than can be derived from 
frequent intersections of some one or more remark- 
able objects within or without the boundaries of 
our sketch, according to circumstances. 
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CHAPTER V. 

Method of Surveying irregular InirenckmeniSy 8fc. by 

the SejetatU. 

It may sometimes happen, that to know the form 
of an irregular line of wall or intrenchment is an 
object of some importance^ and the approach may 
be diflScuIt, or, perhaps, impossible : by the fol- 
lowing method it can be sketched very accurately 
at such a distance as to secure the officer from 
unnecessary danger, and, periiaps, in some cases, 
from observation. (Plate II. jig. 1.) Let ABC 
D E F be an irregular line, with a marsh before it, 
and not to be approached nearer than the line 
KLM. 

Now, if we set out from K, first taking the 
angles AKL, BKL, and pacing towards an 
object in the line K L, observe at what distance 
from K any of the lines of the fortification produced 
would reach the point where we stand, and take 
the angle subtended between them and the line 
whereon we walk, doing this as often as we are in 
those lines produced ; and having arrived at L, 
suppose that we are obliged from circumstances. 
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or deem it advisable to change our route and 
advance towards M, doing the saipe as before, 
all through the line^ we shall then obtain a plan 
far more correct than we could do by mere inter- 
section of the different angles of the fortification, 
because, in that case, acute intersections would 
often give a false length to those lines which wei'e 
short ; and in this particular instance of sketchings 
we have not always the means of avoiding such 
acute intersections. A reflecting instrument is 
the best for this purpose, and Sir Howard 
Douglas's is admirably adapted to it, because the 
lines may be laid down upon the spot, and, 
indeed, many other sketches may be made in a 
similar manner by the help of this instrument* 

Coasts, as well as rivers, are sketched exactly 
as the roads, by finding certain places upon 
their banks, jand connecting them, the prin- 
ciple extending to all possible cases ; but the 
intervals should not be so long as to make it dif- 
ficult to see the bends lying between any two of 
these points. 

Streams are frequently drawn at the same time as 
the features between which they run, except in en- 
closed countries, where they are often diverted from 
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their original coarse and conducted along the 
sides of roads; if such nicety is required^ they 
sboold^ therefore^ be noticed while drawing those 
roadsy as in r^^ar surreys. 

Fields are seldom delineated exactly npon sur- 
veys, when the scale is less than eight inches to a 
mQe ; mudi less upon military sketdies, otherwise 
than by making them according to fancy, wherever 
they may be, instead of regulariy surveying their 
boundaries, as upon more particular plans^ where 
the scale is as large as four or five chains to one 
inch. 

Buildings are also drawn with less attention as 
to number and position^ because they are only 
sketched by the eye« and generally in haste : yet 
large buildings or towns should certainly claim 
some share of attention whenever time can be 
spared ; and fortifications are first laid down on a 
large scale, and then reduced into the plan, if it 
belonofs to the second division. 

Remarkable trees, towers^ or other objects 
situated on the tops of hills, should never be 
omitted : they serve as landmarks, and in coun- 
tries not well known, and many other cases, are 
of great importance to armies on their marches. 
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It often happens^ as the sheets of the sketch get 
filled, that great facilities arise from that circum- 
stance alone ; for many objects will be found to 
lie in a line passing through two points already 
ascertained^ or in some line produced ; a single 
bearing will in that case determine our place. Or 
we may find some other pair of objects or line 
produced that will do as well, by intersecting the 
first line supposed, and then we sketch around us 
as usual. Thus many little shifts, to save time 
and the use of instruments, will frequently sug- 
gest themselves to the person who has had much 
practice, and they should never be neglected. 

Very excellent plans of the second class have 
been produced by triangulating with a sextant, 
and, having determined numerous places, filling in 
the ground entirely by the eye. Thus it must 
frequently happen on foreign service, for an officer 
cannot always procure the instruments he prefers. 
It is evident that in this method of sketching some 
substitute for a plane-table is used, but it is no 
more than barely holding the sketch parallel to 
the original figure of the ground, as near as may 
be, and judging the bearings of points interior to 
the triangles. In mountainous countries, this kind 

L 
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of sketching is capable oi great dequitch ; but in 
hills of smaller features^ and in countries com- 
paiatively flat, and mnch ^M^osed^ we most have 
recoorse to other instnnnmits, ot whidi the sim|de 
plane-table^ with a verj light moonting, is dearly 
the best 
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CHAPTER VI, 

Necessity of ascertaining Latitude and Longitude 
approocimativelyt upon foreign Sketches of the 
Second Division; and Methods of doing so by 
Military Instruments. 

Every military sketch of the aeoond claas will 
acquire additional interest^ if the absolute heights 
of the principal hiUs or mountains be ascertained^ 
if possible^ above the mean level of the nearest 
river^ lake^ or the sea ; in the latter case^ it should 
be stated whether at spring or neap tides. All 
circumstances considered, it is probable that the 
most expeditious^ and perhaps the most correct 
way of doing so, is by the use of the mountma 
barometer. Of these instruments^ Sir H. Engle* 
field's is the most portable^ and least liable to get 
out of order^ being about the size of a common 
walking stick ; it requires no tables^ every thing 
being done by the scale attached to it, and a 
trifling calculation. 

Tlie latitude and bngitude of some remarkable 
place may likewise be ascertained^ as we have said 
before^ with the small pocket sextant ; and the 

tf 
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true meridian, also^ by the same instrument^ with the 
variation of the magnetic needle^ when combined 
with the surveying-compass, if there is an observer 
to each instrument. The following method will 
serve when the sextant and compass are used, and 
also with the theodolite ; but we shall afterwards 
shew how it may be done with the sextant alone. 

The reader will easily understand the nature of 
this operation, which was adverted to in a preceding 
part of the work, upon the following principle : — 
If we know the exact azimuth of the sun or a star, 
at any given moment, and if we also take the 
difference between that and the azimuth or bear- 
ing of any terrestrial object, we can thence lay 
down a true meridian line; for the difference 
between the two true azimuths and two magnetic 
azimuths of the objects is exactly the same ; and, 
therefore, by a simple addition or subtraction, the 
direction of the true meridian is easily obtained. 

This supposes the latitude of the place of ob- 
servation to be known, and hence it becomes ne- 
cessary to shew how this element may be found 
by the instruments we have mentioned in Military 
Sketching. We shall shew how we have done it 
with the small pocket sextant, and then proceed 
to the other operation, of laying down a true meri- 
dian, and finding the variation. 



Chap. VI] LATITUDE AND LONGITUDE. 149 

Take the altitude of the sun^ or a star^ when on 
the southern meridian in the northern hemisphere, 
or the northern meridian when in the southern 
hemisphere, — by bringing its image down to that 
seen by reflection in a basin of water or mercury, 
half the measured angle will be the altitude re- 
quired. Several altitudes should be taken just 
before and after the meridian transit, as quick as 
possible, and the greatest will be that nearest the 
truth ; for we do not yet know the exact point of 
greatest altitude, because the true meridian is sup- 
posed to remain unknown. If the sun has been 
employed, the refraction must be applied to the 
observed limb, and afterwards the semi-diameter 
added or subtracted, according as the lower or 
upper limbs were observed, the parallax in alti- 
tude being nearly- insensible ; but if a star, then 
the refraction alone will be necessary. 

Now add the north polar distance to the cor- 
rected altitude, and subtract the sum from 180'; 
the remainder is the latitude. This is a convenient 
rule, as the north polar distance of stars is always 
given in the Nautical Almanac ; but for the 
southern hemisphere, we must use the south polar 
distance, or the supplement of the north polar 
distance. The polar distance of the sun will be 
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obtained by subtracting his declination from 90^ 
when of the same name as the polar distance, 
otherwise adding it. 

The following is a specimen of the calculation 
for a star, followed by one for the sun : — 

May 16, 1822. 
Greatest meridian altitude of Spica Virginia ** ' ^ 
plH^rved • • . » . 2)56 55 80 



98 27 45 
Corrected refraction • • , ^143.8 



26 26 1.8 
North polar distance • • • +100 14 1.5 

128 40 2.7 

Latitude . . ' . • • 51 19 57.3 



vm-^mtftmmitmmmmmitmim 



January 19, 1828. 
Greatest altitude of 0*s upper limb observed 2)87 5 45 



18 82 52.5 
Corrected refraction • • • — 2 53.6 



18 29 58.9 
Semi-diameter, &c. • • • — 16 22.1 



18 13 36.8 
North polar distance . • . +1 10 26 37 

128 40 13.8 
Latitude 51 19 46.2 



in these calculations, the sextant reads to 30'^, 
and the necessary modifications by barometer and 
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thermometer upon the mean refraction^ as well ad 
the parallax in altitude, were noticed^ which many 
persons would omit^ as the instrument reads only 
hal&minutes, and has no repeating properties to 
attenuate its errors ; besides, we are only aiming 
at such an approximation as military instruments 
will give; and for that reason, shall not enter 
into the niceties required in geodesic operations 
of the first eminence, as being in some measure 
unnecessary either in surveys not exceeding 
1000 square miles, or in any military sketches 
whatever. 

Let us now take the mean of these two lati- 
tudes, and compare it with that obtained by in- 
terpolation from the Great Survey of England, 



o # // 



LatbySpica 51 19 57.3 

Lat. by • • • • • » 51 19 46.2 



2)103.5 



Mean . . v • ^^ 1^ ^^-75 
True Lat. obtained as above . . 51 20 5.6 



Difference • . • 13.85 



Many more observations have been made, rarely 
differing a minute from each other ; and, hence, 
we see that the instrument will do a great deal 
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ASCEftTAlNIXG 



[Cur.TI. 



more than might be e]q)ected. The index ernnr has 
been removed by adjostment, and there has been 
no perceptible alteration in three years^ probably 
firom the mirrors not being within die reach o( 
derangement, and the small expansion o( the ad* 
josting screw not being salable even in the hottest 
weathw. 

We now proceed to find a true meridian from 
the place^ the latitude of which we have found, 
from actual interpolation : — 



a Aquilae. JmI^ 2, 1823. 

Alt observed . 25® 12' 0" az. 135® IT 
And ... 26 18 136 45 






And azimuth or bearing of a distant tree, 204® (K, SW. 



Zm 
ZP 
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81 


35 
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185 
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20 




92 
64 


32 

50 


40 
3 


i 


27 
38 


42 37 
39 54 



64 50 3 . . ar. CO. sin. . 0.0433126 

38 39 54 0.2042828 

sin. . . . 9.6674538 



I — sin. . . . 9.9072922 



53 52 46 



2)19.8223414 

Sin. iZ \= 9.9111707 
54^ 35' 23" 
2 



4 



109 10 46 = Z. 



The magnetic bearings of the two objects will 
differ exactly as much as the true ones j the dif- 
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ference between the former is 204° 0' — 135° &, 
or 68° 54' ; but the true bearing of the star was 
only 109° 10' 46"^ as found by a calculation de- 
pending upon its altitude : and as the readings all 
run the same way, we have only to add the dif- 
ference of the magnetic bearings to the true azi- 
muth of the star, and the real bearing of the tree 
will be known : thus, 109° 10' 46" + 68° 54' will 
be 178'^ 4' 46", counted round from the north-east- 
ward towards the south ; or, more properly, the 
supplement 1° 55' 14" is the true azimuth from 
the south-eastward, and, therefore, a line making 
this angle, with one joining the two stations, will 
be the true meridian sought. 

But this same set of observations will also deter- 
mine the variation of the magnetic needle ; for the 
difference between the calculated and observed 
azimuths will be the variation of the needle, sub- 
ject to the following distinction of cases, viz. when 
the object is eastward of the true meridian, if the 
magnetic azimuth exceeds the true azimuth, the 
variation of the north end of the needle is to the 
eastward ; if it is less, the variation is west ; and 
when the object is to the westward of the true 
meridian, if the magnetic azimuth exceeds the 
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true azimuth^ the variation is westward ; but if it 
is less, then the variation is eastward. 
In the present instance^ the oalculated 



Azimuth is 

The Magnetic Azimuth • . 


. . 109 10 46 
• . 135 6 


The difference • • • « 


. • 25 55 14 



And the variation is westward, because the mag* 
netic azimuth is least, — ^if we use the supplement 
of these two numbers as we ought to do, because 
we should count the azimuth from north or south 
only as far as the east and west points, or 90^ ; but 
we have here taken the angle at the zenith, as 
given always by calculation from the north quite 
round to the south, and the difference of the 
supplements will be the same as that of the two 
numbers themselves, thus:-— 

Calculated Az 70 49 14 

Magnetic Az. • 44 54 



25 55 14 



Variations as before, ^vestward, because! 
the magnetic azimuth is least. J 

The other observation gives the variation 
25° 54' 46", and both are too much ; for the com- 
pass-needle was so small; that the eccentricity of 



Chap. VI.] LATITUDE AND LONGITUDE. 155 

its pivot produoed a very considerable error upon 
its results : this does not^ however, affect the de- 
termination of the true north linoi nor the method 
of finding the variation. 

As in all other eases, a mean of many results 
is best. If morQ accuracy is required^ we should 
recommend that several azimuths be taken both 
of the celestial and terrestrial object^ upon dif- 
ferent parts of the limb of a theodolite^ and both 
eastward and westward of the meridian^ thus 
avoiding the errors of division, and that arising 
from the uncertain figure of the earthy which 
affects the altitudes considerably. Nor should the 
error of coUimation belonging to the telescope be 
forgotten. By inverting its position, and also by 
reading the altitudes with the divisions facing 
east^ and then west, coupling the observations in 
pairs, we get rid of that error^ and possess the ad* 
ditional advantage of reading the altitudes upon 
two different parts of the vertical limb : thus one 
altitude may be calculated face east, and the next 
immediately following face west, the mean of 
which should be taken ; then some star on the 
other side of the meridian, at nearly the same alti- 
tude, in the same manner. These are niceties 
more than sufficient for military plans of the 
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second division, when they do not exceed 1000 
or 2000 square miles. 

All the operations necessary may be made in 
an hour or two ; whereas, the same thing being 
done by equal altitudes on both sides of the me- 
ridian, although they do not require the latitude 
to be known, will demand four or six hours' at- 
tention to complete, and frequently expose the 
observer to disappointment by the intervention of 
unfavourable weather, or perhaps the night air of 
an unwholesome climate. 

We have taken the foregoing example from 
one in which the true latitude had been used, be- 
cause 13".85 will make but fourteen seconds dif- 
ference in the result. 

If no theodolite is to be procured, the altitude 
and azimuth of the objects must be taken by the 
sextant and a compass at the same instant : the 
other proceedings diflFer in nothing but halving 
the angle of altitude, because of its being taken 
by reflection in a basin of water or mercury, 
before we apply the refraction. 

By the following method, we may find the true 
azimuth of any object, and thence lay down the 
true north -line upon a plan by means of a sextant 
alone. At some known station suspend a fine 
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thread a few feet from the observer^ and place the 
artificial horizon in such a position that the thread 
may bisect a distant station^ and also be seen by 
reflection. Now, when the sun has nearly arrived 
at that vertical, bring its image down to the hori- 
zon, and keep the images in contact until the 
preceding limb of the sun touches the reflected 
image of the thread, at the same instant the 
thread bisects the distant station : note this alti- 
tude, and repeat the observation, when the follow- 
ing limb leaves it : now from these two tangential 
contacts the sun's azimuth may be calculated, as 
shewn before. The mean of the two will evidently 
be the true azimuth of the distant station, and 
thus we can lay down a true meridian as before. 

If we also take the magnetic azimuth by a com- 
pass, the difierence will be the variation. 

When many detached plans of foreign coun- 
tries are to be united into one general map at 
home, the directions of the magnetic and true 
meridians become of great importance ; and we 
have seen, that unless equal altitudes are used for 
that purpose, the latitude is an essential element 
in their determination ; for which reason we have, 
without entering into the niceties of geodesical 
measurement, or putting into requisition large 
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and expensive instruments^ shewn how a good 
approximation may be had by the most simple 
method ; and we have avoided all those which 
may be found in books written expressly upon 
astronomical^ geodesical^ or nautical subjects. In 
the following description of a well known method 
of finding the longitude^ our only object is to pro* 
vide the reader with a specimen, in order to shew 
that the instruments he is supposed to possess 
will also accomplish this useful purpose, by very 
simple means: thus proving that military men 
may have many excellent opportunities of increas- 
ing the general stock of knowledge as a matter of 
mere amusement^ or while engaged in that branch 
of military duty of which we are now treating. In 
short, no foreign plan can be considered perfect, 
without the latitude and longitude of at least one 
or more principal places* within a little of the 
truth, and the directions of the true and magnetic 
meridians nearly. 

The easiest method of finding the longitude, 
next to that by time-keepers, is certainly by the 
eclipses of Jupiter's satellites ; and it is more par* 
ticularly applicable on shore. They happen so 
very frequently, that many observations may be 
collected in a short time, and will produce a good 
approximation . 
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We may remind our readers^ who may not 
have studied this subject^ that the difference of 
longitude between any two places is the angle at 
the pole contained by their two meridians, and is 
counted upon the equator : it is estimated either 
in time or space^ and generally obtained in time^ 
at least with respect to places very remote from 
each other^ in which case it is the only method 
known: if^ therefore^ any instantaneous pheno- 
menon is observed at two places, not under the 
same meridian^ the difference between the time it 
happens at one place, and that at the other turned 
into space at the rate of 1 hour to 15^^ will be the 
difference of longitude required ; westward, if the 
time is earlier^ and eastward^ if the time is later : 
thus if it be 10 p. m. at one place^ and 12 at the 
other, then the first mentioned is westward of the 
second^ and the difference of longitude is 30^ 

The eclipses of Jupiter's satellites are calculated 
in the Ephemerides for every mouthy and those 
visible at Greenwich are marked with an asterisk ; 
but the unmarked ones will be visible in other 
parts of the globe, and are, therefore^, useful to 
travellers; although those visible at Greenwich 
are preferable, because, if observed there, the 
comparison of such observations made on other 
parts of the globe will give better results than a 
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comparison with the mere calculated times which 
are affected by the errors of the tables. 

Now although not instantaneous phenomena^ 
for they take several seconds to emerge or im- 
merge out of or into Jupiter's shadow^ yet the 
first, which is the quickest^ is much used for this 
purpose, the instant it begins or ceases to be 
seen being accounted that of the phenomenon. 

It is evident, that by simply observing an 
eclipse of one of these bodies, we identify a cer- 
tain point of absolute time with the same instant 
observed, or which might be observed, at another 
place ; and that by knowing the relative time at 
both places, the necessary element for finding 
their difference of longitude, or rather that differ- 
ence itself, is obtained : for it simply requires to be 
turned into space, or the measure of degrees, &c., 
and the operation is complete. 

A good telescope, not less than three feet in 
length, magnifying from forty to one hundi-ed 
times, will enable us to observe the eclipse very 
well, if steadily supported, for it must not be held in 
the hand. A common watch, with a seconds' hand, 
must lie upon the table, and an assistant count 
the seconds carefully, unless a pendulum clock 
can be used ; but we are now shewing how to 
act with instruments not diflficult to procure. The 
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observer stops his assistant at the instant the 
eclipse takes place^ and quickly looks at the mi- 
nute, and then at the hour, which he registers 
carefully. Immediately afterwards he must take 
the altitudes of one or two stars east and west of 
the meridian, the assistant counting time for him, 
and the instant of getting an altitude being noted 
exactly as was that of the eclipse. Now by ap- 
plying the same well-known formula we used for 
ascertaining the azimuth, the true mean time of 
each of these observations can be found, and 
hence the error of the watch. This error being 
ascertained so soon afl:er the observatidn of the 
eclipse, we may very safely consider it as having 
gone uniformly during the observations ; and there- 
fore its error applied to the time of the eclipse 
will give that time, by comparing which with that 
given in the nautical or other ephemeris, we at 
length get the difference of longitude. 

The following specimen of an observation of 
this kind has been taken, as one done under cir- 
cumstances of great privation of instruments, 
having only a small theodolite, reading to three 
minutes, and the sun*s right ascension being calcu- 
lated, instead of being taken at once from an 
ephemeris, which adds to the trouble, 
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1820. Nov. 1. — Emersion of ^'s first sat. observed at 
# 0* 10* by watch. 

Time by mean of four, observed! ^ ^ . 

altif-ceU / ^ ^^ ^^-^ 

Mean of four alt. of -K- 19 46 

Refraction 2 37 

True alt 19 48 23 

Complt. or Zen. dist 70 16 37 

For the star's culminating : 

Mean R. A. of ^ Nov. 1, 1820 2 52 54 

'*- O ^ A. at time of observation 14 27 43 

Apparent time of -^ culminating 12 25 11 

— equat« of time *••..•« 16 16 



' IJK fme time of ^ culminating 12 8 55 

For the time : 
Z-H- 70 16 87 
. Z P 88 39 54. . • .ar. co. sin 0. 2042828 

ff ! P -Jt 86 37 8 ar. co. sin 0.0007566 

nil 



2)195 33 39 



, 97 46 49 

|.jT!1 -ZP 38 39 54 



59 6 55 sin 9.9335894 

t p"^} 11 9 41 sin. ......9.2868454 

2)19,4254742 

JP 31 4 16 sin 9.7127871 

8 



^^ 



4»* 8" 34* 8^' hour angle 
12 8 55 ^culminates 

6 20 52 time of observing -^'s alt« 

8 20 34 30 ditto by watdi 



«H 



20 13 38 error of watch + 
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For the difference of longitude : 



h m g 



Em. Jupiter's first sat. observed • 8 10 

— error of watch 20 13.68 

True time pf emersion 7 39 56.32 

Ditto at Greenwich by Almanac 7 42 21 

Differenee of longitude in time, west,! ^ 2 24 68 
because it was earlier ,, J 

O * /f 

Or in space S6 10.20 

Correct longitude by trigonometrical survey) q ir 07 104 
of England ,...•. j 

Difference too little by about six miles uponi ^ n i « oq/I 
the parallel of 51^° ,,..../ * 

This may be considered as a very rough approxi^ 
mation/ so many Utile corrections being left out, 
and the instruments employed in determining tlja 
time being so very imperfect. 

The right ascension of the star was not corrected 
for aberration and nutation^ as they are now ready 
for use in the Nautical Almanac ; the whole being 
merely intended to exhibit the error taken at the 
worsts yet they rarely find their longitudes at sea 
to a greater degree of accuracy by the lunaF; 
method. 

It appears unnecessary to mention other methods 

than that by a timekeeper^ as we dp not intend tq 

enter deeply into a subject already 30 well han-; 

died by eminent and experienced authors; but 

only to provide an example or two for the pse. ^ 

M 2 
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those who may, from many circumstances^ be very 
sparingly supplied with instruments and books. 

If the observer has a timekeeper, he only needs 
to determine the time at the place by the fore- 
going, or any other method^ and to compare' it 
with his timekeeper (which should give the 
Greenwich time) corrected by its daily rate ; the 
difference is the loqgitude at once. 

And when he has ascertained his longitude by 
the fonner operation, he will know how to apply 
a correction for the right ascension and declination 
of the sun, depending upon that longitude^ with 
which^ by going over his calculations again^ he 
will get it more correct ; for if he has 90** of Ion*- 
gitude^ the sun's right ascension and declination 
will evidently be different when it reaches his 
meridian^ from what it was when it last passed that 
of Greenwich : and thus he provides himself with 
the element of that correction ready for future 
occasions. 

The latitude of a place may be inferred from 
that of one exactly east or west of it, at a distance 
not exceeding five miles^ and the longitude at any 
visible distance when upon the same meridian. 
This practice was followed by M. Gauthier, Cap- 
tain of a French frigate, in the Mediterranean, 
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and is a hint worth the notice of travellers, espe- 
cially at sea ; or wherever a geographical situa- 
tion is inaccessible, as the top of a mountaiB, vol- 
cano, &c. 

In the foregoing pages observations have been 
given and calculations made, for the mere pur- 
pose of showing what useful approximations may 
be derived from the use of small instruments when 
no better are at hand ; but in all such cases it 
will be prudent to add a note on some part of the 
plan, stating what instruments Were used, in .order 
that it may be known what degree of confidence 
can be placed in them. 

As general maps are commonly iipon a scale of 
many miles to an inch> and as a second of a 
great circle of the earth is about 101 feet, it fol- 
lows that an error of a mile in latitude or longi- 
tude would not be a serious objection, as far as 
they can be used in the construction of geographical 
maps, in the making of which we have said they 
are the principal materials. 
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CHAPTER VII. 
IteweBmg BarometieaUif, or by Spirit Jetel. 

Tbb althudes of objects may be ascertsdned by 
trigonomrtry, bylevdliDg, or by the baronieter. 
Tbe trigODometrical metliod will be ^miliar to 
most persoBSi: that by lerelling we shall now 
show, first describiiig the spiiit4^el ; and shaU 
ghre a shcxt accoont of the banMnetrical method^ 
aocxNnpanied by a real example of its applica- 
tioQ. 

Levdling by the faistrumeut we are now to 
describe is duefly «n]^yed where great nicety 
is reqiured» as in fortifications^ forming canals, &c. 
This instroment (Plate II. Jig. 3) comdsts of a 
tdesoope cS aboot two feet in lengthy mounted 
in supports, like those of the iheodcdite, and having 
a long spirit-level underneath it^ and a compass 
to take bearings if necessary. It has also an 
adjusting-screw under the end next the eye^ and 
the whole is mounted upon parallel plates ; and 
three legs exactly like the theodolite^ the rectify- 
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ing of which alike applies to the spirit-leveL It 
will readily occur to the reader, that it is more 
steady than the theodolite, it having no vertical 
limb^ which might alter during an operation : not* 
withstanding this^ the latter instrument may be 
used for levelling^ if great care is taken ; but thmi 
there should be a damping-screw to the vertical 
arc. 

There are a set of rods or staves (Plate I. J^. 9) 
used with the levels capable of being joined toge* 
ther when great length is required ; they are di* 
yided into feet and hundredths, or feet^ inches^ 
and tenths^ and have a sliding vane^ with a cross 
wire over a hole in the centre : this vane is moved 
up or down by the assistant, according to a signal 
preconcerted^ until the cross wire agrees with the 
horizontal wire of the levels which has been pre? 
viously set up and carefully rectified at the fir^ 
station. The height of the centre of the levelling 
telescope being taken by one staffs and the height 
of the wire-in the vane noted by the assist^nt^ it 
is obvious that their difference, if any^ is the d^T^ 
ference of level between the two stations, th? 
highest being always that which gives the smallest 
i^umber of feet and inches. 

But the distance between the stations is also to 
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be known » and when this measurement is carried 
through many stations, we can draw a true ver- 
tical section of the ground, and this is the man- 
ner of making the correct sections required in 
constructing canals, and other works of that 
nature* 

It is very clear that the more nicely we ascertain 
the distances between the stations, the better sec- 
tions we shall produce ; and these being always 
drawn on a large scale, it is of some consequence 
to avoid measuring over very irregular ground, 
and the reductions incident to it. Now, when 

many stations occur, the practice is to set up the 
level at every other station, and level backward 
and forward to a couple of rods, thus saving 
much time ; but let us apply the same principle 
as we do in sketching whenever it can be done, 
and having fixed a few points on each side of the 
line of level, from them deduce the point of ob- 
servation or station we are at, and thus save mea- 
surement altogether, if we except the necessary 
base at commencing our operations. Indeed, we 
may fix these trigonometrical points as we go on, 
and with the same instrument if it reads to frac- 
tions of a degree; and for this purpose a theodo- 
lite, or modified spirit-level, is necessary. 
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But the earth not being a plane^ this method of 
levelling requires some correction, on account of 
the earth's sphericity ; for the spheroidal form does 
not appear to enter into this subject materially in 
the short distances to which levelling stations 
usually extend, and the line of apparent level is, in 
fact, a tangent to the earth's surface at each station, 
the height of the instrument being nothing in com- 
parison with its semi-diameter, and therefore it 
rises above the true level, which is at equal dis- 
tances from the earth's centre every where, con- 
sidered as a sphere, in a certain proportion to the 
distance : for this reason the correction must be 
applied to all distances exceeding 300 yards. 

Let B C F G (Fig. 10, plate I.) be a portion of 
the earth's circumference, and B C, C F, F G, be 
considered as right lines, which they are as to 
sense, in any distance commonly required in 
levelling ; then C D, E F, and H G are the differ- 
ences between the apparent level. 

Now the difference between the true and ap- 
parent level, or C D, may be found at any distance 
B C, or, which is very nearly the same, B D ; for 
by the well-known property of the circle (2 A C -t- 
CD) : B D : : B D : C D ; but the diameter of the 
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earth is so gte?A, in proportion to the line C D, at 
the usual levelling distances, that 2 A C may be coa- 
iddered as = 2AC + CDinthe above proportion, 
without sensible error^ and it becomes 2 AC : 

BD :: BD : CD or Ml = j?^ very nearly. 

2AC 2AC ^ ^ 

Hence the difference between the true and appa- 
rent level is equal to the square of the distance 
between the stations divided by the diameter of 
the earth, and, therefore, is always proportional 
to the sqiuire of the distance. 

But the diameter of the earth being nearly 
7916 miles, if we make BC one mile, then the 

BC*^ 

excess ^ ^ ■ becomes tAt of a mile, or 8 inches, 

2 AC 
for the difference of the true and apparent level 
at 1 mile, the latter being the greatest; and, 
therefore, these corrections must be subtracted 
from the heights given by the instruments, when 
the distances between the stations render it neces- 
sary. The earth's mean diameter, in feet, is 
41,796,480, or 7,916 miles, as above, according 
to Laplace ; and if we double the logarithm of the 
distance in feet, and add the ar. comp. of the 
logarithmic diameter, or 2*3788603, we shall 
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get ihb difference of true and apparent level in 
feet^ as in the following tables :-— 

Feet Feet laeliet. 

BC 1000 0.29 

Jmile 1320 0.50 

2000 1.15 

j^mile 2640 2.00 

3000 2.58 

4000 4.59 

5000 7.18 

1 mile 5260 8.00 

6000 10.34 

7000 . 1 2.07 

8000 1 6.87 

9000 1 11«25 

10000 2 4.71 

11000 . , 2 10.74 

12000 8 5.84 

Diff. level 
In Miles. Feet and Decimals. 

BC 2 ............ 2,668 

3 . • . 6,003 

4 10,671 

5 16,674 

6 24,0ia 

7 ............ 82,683 

8 42,688 

9 54,027 

10 66,700 

11 * 80,707 

12 96,048 

Many other uses may be found for this tabl^ 
if sufficiently extended^ in determining the ^xWni 
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of the visible horizon from a given height^ and 
the height of distant hills, when exactly in the 
horizon ; but there is yet another correction which 
is variable^ and would affect the accuracy of such 
results as relate to remote objects^ although not 
very sensible in near ones,' — ^it is the horizontal 
refraction, properly called terrestrial refraction, 
to distinguish it from the astronomical refraction, 
used in taking altitudes of the celestial objects. 

In levelling operations it appears to require the 
height of the apparent above the true level to be 
diminished by about ^^ of itself, when the distances 
are above half a mile. But this correction is variable, 
and the tine refraction, at any given time, can only 
be ascertained by simultaneous observations with 
capital instruments, as may be seen by reference 
to the publications relating to the British survey 
and many other works. 

Suppose it is required to draw a profile of 
the ground 1, 2, 3, 4. (Plate III., fig. 4.) The 
level is first set up and adjusted at A, a rod is 
placed at 2 and 3, and the assistants raise or 
depress the vanes by signals given to them until 
the centres correspond with the horizontal wires 
of the telescope ; the distances 2 A and A 3 are 
then measured, and the whole entered in a book. 
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or upon a rough sketch made on the spot. The 
instrument being removed to B^ a similar proceed- 
ing takes place ; and so on through the v^hole 
line. Another line and height may be taken at 
1^ if necessary^ by removing the rod^ and measur- 
ing the distances 1, 2. When these lines difler 
but littlQ from the horizontal lines, they may be 
taken for them ; but if the slope is very great it is 
easy to reduce them, because we have always the 
hypothenuse and perpendicular of a right-angled 
triangle given by our measurement to find the 
base. But it is evidently impossible to level in 
this manner, without numerous stations on the 
side of very steep hills ; for which reason the re- 
lative heights are better taken in the manner 
shown hereafter, by elevations and depressions. 

By the preceding table it appears that if any of 
the distances between the stations amount to half 
a mile, two inches must be subtracted from the 
difference of level given by measurement, because 
the tangent or line of coUimation rises so much 
above the true plane ; and thus of all other long 
lines. 

The design of this part of the work being only 
to give instructions for ascertaining the difference 
of level near enough for most practical purposes. 
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by employing only portaUe instruments^ we 4q 
not enter into tiie method of determining the re« 
fraction^ but limit ourselves to sudi oases aa most 
commonly occur^ and where it is of little import? 
anoe in military operations. We suppose ih$ 
distances not to exceed two or three milesj upon 
whicfa^ as the refraction varies from about |^ to jV^ 
of the contained bitc, the elevatiops and d^res-r 
aions will only be affected by a few seccmds, ond 
the instruments we use are not expected to read 
warer than V, or perhaps 30' : henpe^ as we only 
seek an approximation^ we may safely neglei:^ it 
Now^ in such short difiitftnces> we may suppose 
them to be the bases of right-angled triangles^ 
s^d the ^evations or depressiqQs to be the per- 
pendiculars ; therefore the preceding formula must 
be first applied for the differepce between the true 
and apparent level. Then^ because two places are 
iipon the s^me level when the depressicHi is equal 
to half ihe intercepted are of a great circle drsiwn 
from one to the other^ or when the di^erence of 
trne and apparent level is equal to tlie tangent of 
the depression^ if the tangent of the depression: 
exceeds the difference of true and appaJrent levels 
that difference must be subtracted from it^ ^d, 
the remainder will be the true difiB^ence of level^. 
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the distant place being lowest. And when the 
tangent of depression is less than the difference of 
true and apparent level » it must be subtracted 
from that difference^ and the remednder will be the 
true difference of level, the distant place being 
highest. 

When the distant place is on the line of appa-. 
rent level, it will be highest by the difference 
between the true and apparent level ; and in all 
elevations the tangent is to be added to the differ- 
ence of true and apparent level, and the distant 
station is highest. (Plate I., Jig. 12.) To this 
we may add, that in all depressions the height of 
the instrument is to be subtracted from the true 
difference of level, and when the distant place is 
in the line of apparent level ; also in all elevations 
the height of the instrument is to be added to the 
true difference of level. 

It generally happens that, from some elevated 
station, we know the distances to a great many 
objects on our sketch, and we have the logarithms 
of them ready for use. Such a station will be 
best for the purpose of finding the relative heights 
of many stations at once : for if we observe <he 
elevations and depressions of those objects, we 
can calcula|te each separately^ and thus from one 
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or two heights we get a series of levels over a 
very extended space. It is proper to check some 
of them, at least from another spot, to prevent 
considerable errors from passing unnoticed: or 
we may find our station upon any of the under 
features, and take angles of depression or eleva- 
tion to any object considered as a standard height, 
and which may be determined above the level of 
the sea or otherwise. 

Specimen of calculation. (Plate III., Jig. 5.) 

A, B, and E, are three stations, the distances of which are 
known. 

At B, E was in the apparent level, 

And A was depressed, 0° 9'. 
BElog. 4.1485958 B A log 4.1395614 



B E« log 8. 2971916 B A« log 8. 2791228 

Const, log 2 . 3788603 Const log. . 2 . 3788603 

4.7429 E. highest 0.6760519 4 . 5497 ap.dif. lev. 0.6579831 

B Alog 4.1395614 

tan. 9' log 7.4179696 

36.102 . .. 1.5575310 

Prom B to E, the tan. is ; the difference! . „.c}q 
therefore stands by itself j "*' '^^^ 

From B to A, the tan. of depression is greater 

than the difference of apparent level, which f I, r^\Q^ 
must, therefore, be subtracted from it, orf •^»'*^ 
36. 102-4.5497 



Simple difference of level, one being an elevation) ^^ ^g-g 
and the other a depression J ^^^^^^"^ 
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But to find the absolute heights with respect to 
the place of observation, we must add the height 
of the instrument 4.1250 feet to the first, and 
subtract it from the second thus : — 

4.7429 

+ 4.1250 

III ■ 

8.8679 E above A 
And 31.5523 
- 4.1250 

27 . 4273 A below B 
And 8.8679 + 27.4273=36.2952 as before. 

We now proceed to the barometrical method 
of deducing the height of hills : it is founded upon 
the principle that the density of the air decreases 
as we ascend upwards in a geometrical progres- 
sion, the increment of ascent being in an arith- 
metical progression, as exhibited in the following 
table :^— 

Height in Miles. Number of times rarer. 

1 

H 2 

7 • » ...» 4 

14 . 16 

21 64 

28 256 

35 1024 &c. &c 

N 
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The barometer being an instrument which shews 
the density of the air at any g'iven time and place^ 
H follows, that if two barometers are placed si 
different elevations above the' level of the sea^ 
then simultaneous observations upK)n them will 
g^vc the density at the two places^ and the law of 
progression being known, the difference of alti- 
tude is also known. 

The formula, in the case we have supposed, is 
very simple^ but as the air is rarefied by the heat 
which is sometimes very different on different 
levels at the same time, and as the length of the 
barometric column of mercury is also affected by 
this circumstance at the rate of .00296 English 
inches for every degree of Fahrenheit's thermo- 
meter according to De Luc^ it become^ neces- 
sary to have an attached thermometer to show the 
actual heat of the instrument, and a detached ther- 
^. ! mometer for that of the circumambient air in all 

cases ; and by these circuipstances the formulae 
become a little more complicated. 

The celebrated Biot has lately investigated the 

subject with much patience and labour ; the result 

of his investigations has been a set of tables^ in 

»1|';'!' ■ the construction of which everything that could 



hi 
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affect the formula has been ably considered, and 
the reader would do well to consult them, unless 
he prefers the following formulae, either of which 
will give the height required : — 

{10000 Z +, 468 d } X { 1 + (/— 82°).00245} 

by Gen. Roy. 

' {10000 ^ +, 440 rf } X i 1 + (/ - 32°).00243} 

by Sir G. Shuckburgh. 

Where I = diflPerence of logarithms of height of baro- 
meter. 

d = difference of degrees of Fahrenheit's ther- 
mometer. 

/= mean of the two temperatures, shewn by 
the detached thermometer. 

The sign — takes place when the attached ther- 
mometer is highest at the lowest station ; and 
the sign + when it is lowest at that station. 

The following is a real example by the first 
formula^ where only one barometer was .used ; and 
although this is often done, yet, as the mercury fre- 
quently alters much in its altitude while going from 
one station to another, it is less to be depended 
upon than when two instruments are employed, 
which have been proved to indicate alike, under 
like circumstances. The two formulae have been 
found to agree within .7 of a foot, upon a height 

N 2 
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of 4<37 feet, the latter ghing the least nam- 



30.24 5d°-5 54^.75 

30.0GS d5.1 65 



S.G^cT 2)119.75 

59.875=:/ 

Hc»oecl= 8.6 

and /= 59.875 Jjog. 30.24 =:1.4S05S1S 

30.068=1.4761045 



Diffl arioguidmis 0.0024773r=; 

Tim by first ibnmdji / — 32^ r= 27 . 875. and 1 + (27 . 875 
X .00245) = 1.07074375; and 10000 / =: 10000 X 
.0024773 = 24.773; also .468 d = .468 x 8.6 =: 
4.0248. 

Now 24.773 
+ 4.0248 



28.7978 wfaid^ nmldplied bj 1.07074, produces 
30.63 ^thorns, or 184.98 feet, tlie diflference of level re- 
quired. 

The barometrical obsetvaticHis furnish the 
means of ascertaining the diflerence of level 
between places invisible finom each other ; and by 
comparing the mean results of several years with 
the mean level at the sor&ce of the sea, or 30.035 
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inches^ latitude 50°, at the mean temperature of 
the exterior air, and of the instrument 55,04 
Fahrenheit, or whatever any other latitude may 
happen to give, we get the difference of level 
over any extent of country we please. 

A standard elevation may at least be found 
by this means, and others deduced from it by 
those already detailed. 

If to the foregoing particulars we add a few 
landscape sketches, or views of the more re- 
markable places, or general appearance of the 
country from some elevated spot, then the most 
complete idea of that country will be given to 
every person who shall see a plan so finished. 
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CHAPTER VIIL 

Further Use of Sextant. 

It has been said in the preceding pages that re- 
flecting instmments require an artifidal horizon to 
take altitudes^ but we cannot use them for small 
altitudes^ because the rim of the vessel containing 
the reflecting flnid renders it impossible, nor can 
we take depressions by such means. Yet as a mi- 
litary man may have occasion for such observa- 
tions^ and not possess an instrument provided with 
a vertical circle and level, we shall show how this 
may be done nearly, that is to say, within two or 
three minutes, by a reflecting instrument. Place 
three strong stakes across, like the triangle used 
for hanging a kettle upon the ground, binding them 
firmly at their junction ; across two of the legs, tie 
a fine thread tightly, and place underneath any 
vessel containing a fluid, as mercury or water. 
Now it is plain that when we look from above so 
as to bring the thread and its reflected image 
into exact coincidence, our eye will be in a vertical 
plane ; therefore, by resting upon the stakes, and 
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bringing the reflected image of a distant object 
into exact contact with the thread, we shall mea- 
sure the supplement of the zenith distance^ and if 
that is less than 90°^ its complement will be the 
depression ; but if above 90°, the surplus will be 
the elevation. This apparatus can be made any- 
where, and we insert this expedient in order to 
show that, with apparently slender means, we 
may always do something. 

For the same reason we also insert a method 
of finding the heights of objects with a very little 
trouble by the sextant and the subjoined table : — 



J tiplier. 
1 


* 


Angle. 

45.0 


Angle. 

45.0 


Divisor 
1 


2 


m 


63.26 


26.34 


2 


3 


» 


71.34 


18.26 


3 


4 


• 


75.58 


14.2 


4 


5 


• 


78.41 


11.19 


5 


6 


• 


80.32 


9.28 


6 


8 


• 


82.52 


7.8 


8 


10 


* 


84.17 


5.43 


10 



Rule. Make a mark opposite the eye upon the 
wall or otherwise, and having set* the instrument 
to any of the angles of the table most likely tp 
answer, retire upon the ground, which should be 
level, until the reflected image coincides with the 
mark Idl upon the w^l : now measure the dis- 
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tance from thence to the wall, and multiply or 
divide it according as the table specifies ; to this 
product or quotient add the height of the eye, and 
it will give the height required. The parallax of 
the instrument will not affect the result materially ; 
it depends upon the hypotenusal distance, and 
may be found by adjusting the sextant to the top 
of the wall, ^&c., and observing how much it 
places the zero back upon the arc of excess ; then 
the angle of the table should be reduced by that 
quantity. A walking-stick, or even the length 
of the foot, will serve as a measure. 

An example in illustration will be found in 
Plate IV. Jig. 4. 

This method of taking heights 1^ the small 
table may be used also for distances, where the 
ground is level' enough to admit, pacyig or mea- 
suring a base ; for if we set the instrimaent to any 
of the angles of the table, and pace o^ measure at 
fight angles to a line joining our first station and 
the distant object, until it is seen in contact with 
a mark left at the point of departure, the distance 
required will evidently be a product or quotient 
of the base, according as we choose a multiplier 
or. divisor : this may serve to determine the po- 
sition of a battery, the breadth of a river, &c.. 
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with expedition, and without tables of loga- 
rithms. 

This table may also be used to determine points 
upon table land rapidly^ as right angles are easily 
constructed; and when one triangle has been 
formed, others may be also formed upon each 
side of it, if the ground admits. 

The construction of instruments varies so consi- 
derably, that we can only attempt to give general 
notions upon their nice adjustment before they 
can be used in the field ; and we shall begin with the 
theodolite. The levels are placed parallel to the 
horizontal plates and to the line of collimation by 
capstan-headed screws and a small lever ; those 
on the horizontal plate should be first corrected, 
one at a time, by bringing it over, or rather pa- 
rallel to, the levelling-screws underneath, and ad- 
justing it half by the one and half by the other. 
When the first level will go all round correctly, 
the other at right angles to it can be corrected by 
its own screws alone. 

The vertical arc being set to zero, admits the 
adjustment of the telescope-level more easily, 
because the horizontal plate is now supposed free 
from error. 

The line of collimation requires that for its 
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adjustment we shoald release the supports of the 
telescope, and allow it to turn freely around its 
axis ; then as the diaphra^ carrying the cross 
wires is provided with four screws at right angles 
to each other, by releasing one and screwing its 
opposite one, we can bring the two wires into 
the axis of the telescope by trials, when it will 
be found that if we turn the telescope quite round 
upon its axis, the intersection of the wires will 
not describe a circle about a distant object, but 
remain fixed upon it in all positions of those wires 
with respect to the horizon. 

Whenever we have reason to suspect the accu- 
racy of the line of coUimation, we should take 
altitudes with the level uppermost, and also under- 
neath. If the horizontal wire is wrong, one will be 
as much too great as the other b too little, and the 
mean will be right ; but if the level is false, we 
must, after one observation, take the telescope out 
of its supports, and, turning the hcH-izontal limb 
half way round, replace the telescope and observe 
again ; the mean will be right. These are the 
niceties we before spoke of, and the methods of 
avoiding errors in azimuths, &c., when we have 
not the means of carefully adjusting an instru- 
ment ; but these adjustments are altogether distinct 
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from the common ones by the finger-screws, in 
the ordinary use of this instrument. The spirit- 
level is corrected in a similar way. 

It is essential that the mirrors of a reflecting 
instrument should be parallel to each other when 
it is set to zero, and also perpendicular to the 
plane of the instrument ; they are therefore pro- 
vided with proper screws to efiect this adjustment 

In the pocket sextant, the great or index 
mirror is correct by the construction ; the small 
one only can require alteration. A small lever 
is connected with it, and turns it upon its centre 
of motion, by means of a screw in the circum- 
ference, which is turned by a key.: this brings 
the two parts of a vertical object in contact, when 
the instrument is at zero and held horizontally ; 
but it should be at least a mile or two distant^ 
Hie next correction will be made by applying the 
same key to an arbour upon the face of the instru- 
ment, while holding it horizontal, and looking at 
the distant horizon, both in the silvered part erf 
the small speculum and also beyond it on the 
side; for when the real and reflected horizons 
coincide, the mirror is perpendicular to the face of 
the sextant, otherwise not : this correction is best 
performed without the telescope, because we then 
have a great field of view. 
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When these adjastments are perfect^ if we put 
the dark glass upon the eye end^ if the telescope 
is pointed at the san^ or without that dark glass 
if at the full moon^ and by the finger-screw bring 
the direct and reflected images into perfect con- 
tact, the vernier will be at zero ; but when at 
zero, if the images pass each other either way 
horizontally or vertically, the proper correction 
must be applied. 

It is usual in large sextants and other instru- 
ments to find their error whenever they are used ; 
but we prefer having instruments perfectly adjusted 
and ready for use: and we know, from expe- 
rience, that with care they will long remain so, 
unless when they are so large as to alter from 
their weight, or are exposed to injuries by car- 
riage or otherwise. 

We doubt not that experience and study of the 
construction of instruments will be of infinitely 
more service to our readers than anything we can 
say upon the subject ; nor need we speak of the 
adjustments of the reflecting semicircle, for its 
principles are so nearly the same as a sextant, 
that they are almost alike in both instruments. 
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The new French measures, and those of other countries, 
frequently occurring in maps and plans, the following tables, 
&c. are added, to save references to other books : — 

French metre 39.771 English inches. 

Ditto 3.2809 English feet. 

Ditto 1 .09363 English yards. 

1609.32 metres . ! I English mile. 

Old French foot 12.78933 English inches. 

„ „ toise 6 . 394665 English feet. 

100 degrees in a quadrant according to the new division 
of the circle. 

100 minutes to one degree. 
100 seconds to one minute. 
10,000,000 metres =: 1 quadrant of the meridian. 
100,000 „ =1 degree. 
1,000 „ =1 minute. 
10 „ =1 second. 
1 „ = .1 second. 
To convert French metres into English feet. Multiply the 
metres and decimals by 3.28. 

French metres into English yards. Multiply them by 
1.09. . 

To convert the new degrees, &c. into the old division. 
Subtract one-tenth thus : 

73.^164838Q 
- -f^ ^ 7.3164838 

65.S483542 which reduced, will be 
65^ 50^ 54". 07512 accoMiug to the sexigessimal measure. 
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To convert the old division into the new. Reduce the 
minutes, seconds, and decimals to decimals, and add one 
ninth thus : — 

65° 50^ 54".07512 

65 50.901252 dividing the seconds by 60. 



65.8483542 dividing the minutes by 60. 

+ i 7.3164838 

73 . 1648380 in the new division. 

The French new method of adapting a scale to their maps 
or plans, is by making it some definite fraction of the whole 
in linear measure, as -^ijjT^ or tt^^jVuit* &c. : this is reduced 
to the usual English measure by merely dividing the number 
of inches in one mile, or 63360 by the denominator of the 
fraction thus : — Suppose ^nJ^^y, then ^3^ = 10.56 English 
inches to one mile, -^^j^^ will in like manner be f ^§^§, or 
3 • 168 inches to one mile. 

The length of a degree of longitude upon any parallel of 
latitude is given by the following formula : — 

Let L=: given latitude. 

Tlien as equatorial diameter is to the, polar diameter, so is 

tangent of 90°— L to tangent A ; and as rad. is to sine A, so 
is the length of a degree of the equator to the length of a 
degree on the parallel of the g^ven latitude. 

Measures of various countries. 
English statute miles in one degree . • 69J 

Scotch miles • . . • . 61^ 

Irish •..••• 54j^ 
Geographical •,•*.« 60 

Marine leagues . • . • • 20 

German miles . • • • • 15 

Dutch miles^ or leagues • « « « 1 9 

French leagues « « ~ , « 25 

Russian wersts « ^ « , ^ 104^ 
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Spanish leagues, of 7572 varras 


17i 


Portuguese leagues . * . . 


19 


Norwegian and Swedish miles • 


lOi 


Danish miles . . • • • 


14f 


Prussian . • . • • 


16 


Hungarian miles ~ « • • « 


13J 


Italian miles . • • • 


60 


Tuscan and Milanese miles 


67 


Piedmontese miles . ^ • • 


48 


Turkish agach, or league • • • 


22 


Turkish berri ...» 


66^ 


Grecian, miles, used in the Archipelago, about • 


95i 


Grecian miles used in Turkey (rated at seven stadia). 




each 42d2j^ JBnglish feet . 


88 


Mil Kebir, or great Arabic mile • • » 


50 


Mil Sogair, an Arabic measure 


95J 


Giaui, an Arabic nautic measure, each = to nine 




great miles • . • « 


H 


Great parasangs, or Persian leagues . • 


17 


Common parasangs . . • • 


25 


Hindoostanee coss. Northern Provinces 


B6i 


Indian coss, in Delhi . . • • 


34i 


Sultany coss .... 


m 


Mogully coss 


41 


Royal coss • . • • 


26^ 


Camatic coss . • • • • 


374 


Brammy, or Punjaby coss . . • 


56 


Malabar Gau . . • • • 


10 


Siam Roening varies from 20 to . • 


83 ^ 


Chinese modem 11 « • « • 


M4 


Japanese leagues . . • • 


334 


Ancient Roman miles • • r • 


75 
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Tlie planter's GUIDE ; or. a Practical Essay on 
the best method of giving immediate effect to Wood, by the removal of 
large Trdss and Underwood ; being an attempt to place the Art, and that of 
general Arbo|;iculture, on physiological and fixed principles ; interspersed 
with observations on general Planting, and the improvement of real Land- 
scape : chiefly intended for the climate of Scotland. t>edicated, by permis- 
sion, to His Majesty. By Sir HENRY STEUART, Bart., LL. D.,F.R.S.E. 
Second Edition, greatly improved and enlarged. With Plates. 8vo. 1/. Is, 

** The merit to be assifi^ned to the ingenious Baronet is exalted hy the character of 
his discovery, relating to such a fasciaatiDg branch of the Fine Arts as that of creating 
or improving actual Landscape. He has taught a short road to an end which almost 
all land proprietors, possessed of the slightest degree of taste, must be desirous of 
^attaining. — Quarterly ReviQWt March, 1828. 

A SYSTEM of MECHANICAL PHILOSOPHY. 

By the kte JOHN ROBISQN, LL. D., Professor of Natural Philosophy 
in the University, and Secretary to the Royal Society of Edinburgh. Edited 
by DAVID BREWSTER, LL. D., P. R. S. E. Comprising a copious article 
on the Si;bam ENGI^E, by the. late JAMES WATT, Esq. and his Son, of 
Soho, who have also made many additions, so that it is now l^ecome the 
onlv account which can be relied upon. This subject is illustrated with 
eignt lai^e and original Engravings. 4 Vols., very thick^ and closely 
printed, 8vo., with Fifty Plates, 4/. 

ELEMENTARY ILLUSTRATIONS of the CELES- 
TIAL MECHANICS of LAPLACE. Comprehending the First Book; 
with an Introduction, containing the Rudiments of the Mathematics ; being 
the First Part of a Work intended to supply the Student with every link 
that is actually required for a complete Chain of Demonstration, extending 
to the whole^heory of Planetary Motions. With numerous Engravings, 
8vo. 10«. 6^;. 

FACTS^in VARIOUS SCIENCES to ASSIST the 

M^ORY. A New Edition. Foolscap 8vo. 6«. 6d, 

** Condensation is the result of time and experience, wliich rejects what is no longer 
essentiaL" ^ 

A HAND BOOK; or shorty convenient, and intelligible 

Dictionary of Terms used in the Arts and Sciences, tracing their Derivation, 
and explaining their Meaning in the fewest words possible. By WALTER 
HAMILTON, M.R.A.S. 8vo. 9#. 6rf. 
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